The American 


Economic Review 





rE = ARTICLES 35) 
A j 
eu eek -HOl/ es- 77- POD GGelP o 
KATHRYN M. DOMINGUEZ, RAY C. FAIR, AND MATTHEW D. 
: Forecasting, the Depression: Harvard versus Yale 
PAUL R. GREGORY AND IRWIN L. COLLIER; JR. 
Unemployment in the Soviet Union: Evidence from 
= - _ ‘the Soviet Interview Project 
LEIF DANZIGER ~ Costs of Price Adjustment and the Welfare Economics 


. “: of Inflation and Disinflation 7 
GUILLERMO A. CALVO.. | 4 E 


Servicing the Public Debt: The Role of Expectations 
LAURENCE J. KOTLIKOFF, TORSTEN PERSSON, AND LARS E. O. SVENSSON 
Social Contracts as Assets: A Possible Solution to 
; the Time-Consisteņcy Problem 
ZOLTAN J. ACS AND DAVID B. AUDRETSCH 
ae Innovation in Large and Small Firms: An Empirical 
Analysis 
CHARLES BLACKORBY AND DAVID DONALDSON 
Cash versus Kind, Self-Selection, and Efficient 
Transfers 
_ WALTER HETTICH AND STANLEY L. WINER 
Economic and Political Foundations of Tax_ Structure 
JENNIFER F. REINGANUM. ` 
| , Plea Bargaining and Prosen Discretion 
ARYE L. HILLMAN AND HEINRICH W. URSPRUNG 
4 . Domestic Politics, Foreign Interests, and 
at International Trade Policy ' 
LEONARD K. CHENG 
Assistiñg Domestic Industries under International 
+ Oligopoly: The Relevance of the Nature of Competition 
to Optimal Policies 
ROY J. RUFFIN ~The Missing Link: The Ricardian.Approach to the 
“Factor Endowments Theory of Trade 
RICHARD E. BALDWIN 
Hysteresis i in aaah Prices: The Beachhead Effect 


SHORTER PAPERS: W, H. Kia a A. D. Lowenberg; S. Ishizawa, A. Alesina; A. E Roth, 


i. K. Murnighan, and F. Schoumaker; J. Neelin, H. Sonnenschein, and M. Spiegel; K. Binmore, ` 
A. Shaked, and J. Sutton. 


Š t 


SEPTEMBER 1988` 


THE AMERICAN ECONOMIC ASSOCIATION 


e Printed at Banta Company, Menasha, 
Wisconsin. 


eNo responsibility for the views expressed 
by authors in this Review is assumed by the 
editors or the publishers, The American 


- Economic Association. 


Correspondence relating to advertising, 
business matters, permissions to quote, sub- 
scriptions, and changes of address, should 
be sent to the American Economic Associa- 
tion, 1313 21st Avenue South, Suite 809, 
Nashville, TN 37212-2786. Please remit 
membership payment with the application 
included elsewhere in this journal. Change 
of address notice must be received at least 
six (6) weeks prior to the publication month. 
A membership or subscription paid twice is 
automatically extended for an additional 
year unless otherwise requested. 


THE AMERICAN ECONOMIC REVIEW 
(ISSN 0002-8282), September 1988, Vol. 78, 
No. 4, is published five times a year (March, 
May, June, September, December) by 
the American Economic Association, 1313 
2ist Avenue South, Suite 809, Nashville, 
TN 37212-2786. Annual subscription fees: 
Institutional .subscriber-$125.00, Individual 
subscriber-$72.00, Regular members-$38.50, 
$46.20, or $53.90 depending on income. A 
subscription also includes the Journal of 
Economic Literature and the Journal of Eco- 
nomic Perspectives. In countries other than 
the U.S.A., add $16.00 for ‘extra postage. 
Second-class postage ‘paid at NaShville, TN 
and at ao mailiil offices. POST- 
MASTER: Send address changes to the 
American Edditntic Review, 13173-21st Ave- 
nue South, Sit uite 809, » Bashi, 377212- 
2786. Pa es SP 


Founded mi 1885 
Officers 


President 
ROBERT EISNER 
Northwestern University 


+ 


~ 


President-elect 
JOSEPH A..PECHMAN 
The Brookings Institution 


Vice-Presidents 
MARTIN S. FELDSTEIN 
National Bureau of Economic Research 
and Harvard University 
F. M. SCHERER . 
Swarthmore College 


Secretary-Treasurer 
C. ELTON HINSHAW 
Vanderbilt University 


Editor of The American Economic Review 
ORLEY C. ASHENFELTER 
Princeton University 


Editor of The Journal of Economic Literature 
JOHN PENCAVEL 
Stanford University 


Editor of The Journal of Economic Perspectives 
JOSEPH E. STIGLITZ 
Stanford University 


Executive Committee 


Elected Members of the Executive Committee 
SHERWIN ROSEN 
University of Chicago 


THOMAS J. SARGENT 


University of Minnesota 
ROBERT J. BARRO 

Harvard University 
JUDITH A. THORNTON 

University of Washington 
GEORGE A. AKERLOF 

University of California-Berkeley 
ISABEL V. SAWHILL 

Urban Institute 


EX OFFICIO Members 
ALICE M. RIVLIN 
The Brookings Institution 
GARY S. BECKER 
University of Chicago 


THOMAS CROMBIE SCHELLING 


DISTINGUISHED FELLOW 


1988 


Thomas Crombie Schelling pioneered in the field of “nonmathemati- 
cal game theory,” —the analysis of social and economic behavior when 
each participant’s. behavior depends on his expectations about how 
each of the others will respond to his actions, taking account of the fact 
that each of the others is similarly influenced by expectations about 
how he will respond to their behavior. Schelling erected a conceptual 
framework for describing such morasses of reciprocal expectations, and 
by so doing unified a wide variety of disjoint theories, including the 
theories of oligopoly, military and diplomatic strategy, negotiation, 
teamwork, and communication. 

Schelling’s theory of social relationships and his varied applications 
of it result from a uniquely fruitful symbiosis of theory and practice. 
He has an extraordinary gift for perceiving the essence of a social or 
economic situation involving several participants of diverse or coinci- 
dent interests, and portraying it in vivid, concrete terms. He has 
presented his theoretical insights and their practical applications in a 
long series of influential papers and monographs. 

As a teacher, he has excited generations of students in his classic 
course on “Conflict and Strategy,” enriched by practical illustrations, 
and has made his theories widely accessible by many lively and stimu- 
lating a ‘cles addressed to the general reader. 








v 





THE. 


Editor 


ORLEY ASHENFELTER 


: Co-Editors | 





b 


ROBERT H. HAVEMAN 
JOHN B. TAYLOR 
HAL R. VARIAN 


Production Editor 
CLAIRE H. COMISKEY 


Board of Editors 


GEORGE A. AKERLOF 
JAMES E. ANDERSON 
JO ANNA GRAY 
GEORGE E. JOHNSON 
KENNETH L. JUDD 


~ JOHN F.. KENNAN 


MAURICE OBSTFELD 
ROBERT H. PORTER 
JOHN G. RILEY 
RICHARD ROLL 
ALVIN E. ROTH 
DAVID SAPPINGTON 


\ KENNETH J. SINGLETON 


ROBERT S. SMITH 
BARBARA J. SPENCER 
LESLIE YOUNG 


Submit manuscripts (4 copies), 50 pages 
maximum, single-sided, double-spaced, to: 

Orley Ashenfelter, Editor, AER; 209 Nas- 
sau Street, Princeton, NJ 08542-4607. 


Submission fee: $50 for members; $100 for 
nonmembers, Please pay with a check or 
money order payable in United States Dol- 
lars. Canadian and Foreign payments must 


- be in the form of a draft or check drawn on 


a United States bank payable in United 
States Dollars. Style guides will be provided 


- upon request. 


eCopyright © American Economic Associa- 
tion 1988. All rights reserved. 


VOLUME 78, NUMBER 4 


. Articles 


Forecasting the Depression: Harvard versus Yale 
: Kathryn M. Dominguez, Ray C. Fair, 


and Matthew D. Shapiro. 


Unemployment, in. the Soviet Union: Evidence 


from the Soviet Interview Project 
Paul R. Gregory and Irwin L. Collier, Jr. 


Costs of Price Adjustment and the Welfare Eco- 
nomics of Inflation and Disinflation 
Leif Danziger 


Servicing the Public Debt: The Role of Expecta- 
tions Guillermo A. Calvo 


Social Contracts as Assets: A Possible Solution to 
the Time-Consistency Problem 

Laurence J. Kotlikoff, Torsten Persson, 

and Lars E. O. Svensson 


Innovation in Large and Small Firms: An Em- . 


pirical Analysis 
Zoltan J. Acs and David B. Audretsch 


Cash versus Kind, Self-Selection, and Efficient 
Transfers Charles Blackorby 
and David Donaldson 


=- Economic and Political Foundations of Tax 


Structure Walter H ettich and Stanley L. Winer 


Plea Bargammg and Prosecutorial Discretion 


Jennifer F. Reinganum 


Domestic Politics, Foreign Interests, and Interna- 
`- Arye L. Hillman . 
-729 


tional Trade Policy - 
and Heinrich W. Ursprung 


Assisting Domestic Industries under Interna- 


tional Oligopoly: The Relevance of the Nature 
of Competition to Optimal Policies 
Leonard K. Cheng 


The Missing Link: The Ricardian Approach to 
the Factor Endowments Theory of Tiade™.. 
Roy J. Ruffin, 


Hysteresis in Import Prices: The. Beachhead Ef. ` 
fect 


AMERICAN ECONOMIC REVIEW 
September 1988 


613 


633 


647 


662 


678 


691 


701 


713 


746 


759 


Richard E. PARIE 773 


995 


"~ 


ramnnminngnegnnssrapenenenees 


Shorter Papers 


The Theory of International Economic Sanctions: A Public Choice Approach | 
William H. Kaempfer and Anton D. Lowenberg 

Increasing Returns, Public Inputs, and International Trade ~ Suezo Ishizawa 

Credibility and Policy Convergence in a Two-Party System with Rational Voters - 

Alberto Alesina 
The Deadline Effect i in Bargaining: Some Experimental Evidence 
Alvin E. Roth, J. Keith Murnighan, and Francoise Schoumaker 
A Further Test of Noncooperative: Bargaining Theory: 


Comment | Janet Neelin, Hugo Sonnenschein, and M atthew Spiegel. 


= Reply ` Ken Binmore, Avner Shaked, and John Sutton 


Preliminary Announcement of the AEA Meeting 


786 
794 


7196 
: 806 
24 


837 
841 








Forecasting the Depression: 
Harvard Versus Yale 


By KATHRYN M. DOMINGUEZ, Ray C. FAIR, MATTHEW D. SHAPIRO* 


~- © Was the Depression forecastable? After the Crash, how long should it have taken 
contemporary forecasters. to realize how severe the downturn was going to be? 
Data assembled by the Harvard and Yale forecasters — together with modern 
historical data — are subjected to statistical analysis. Neither contemporary fore- 
casters nor modern times-series analysts could have forecast the large declines in 


output following ng Crash. 


James Tobin relates the following story, 
which was told to him and other members of 


the Harvard graduate economics club by. 


Professor W. L. Crum. In the 1920s the 


-Harvard Economic Service (HES) issued 


monthly reports on the current and expected 
future state of the economy. HES used three 
indexes, representing speculation, business, 
and money, to help predict the future. Crum 
claimed that in the summer of 1929 the 
Statistical assistant at HES became alarmed 
when she noticed that the indexes indicated 
that a sharp downturn in economic activity 
was imminent. Crum did not see in the cur- 
rent business situation any cause for this 
adverse forecast. Moreover, he feared that a 


péssimistic forecast by the influential service | 


could itself have an adverse effect on finan- 
cial markets and economic activity. There- 
fore, he suppressed the pessimistic findings 
of the assistant;! the published report did 
not speak of a potential downturn. 

The data, in fact, provide only mild sup- 
port for this account. The account does, 
however, raise the more general question of 
whether the Depression was forecastable. 
Was there anything in the data prior to the 


*Dominguez: John F. Kennedy School of Govern- 
ment, Harvard University, Cambridge, MA 02138. Fair 
and Shapiro: Cowles Foundation for Research in Eco- 
nomics, Yale University, New Haven, CT 06520, and 
National Bureau of Economic Research. We are grate- 
ful for helpful comments from James Tobin, Paul A. 
Samuelson, and anonymous referees. 

‘And consequently he lost the. opportunity to gain a 
reputation for Delphic wisdom. 


October 1929 stock market Crash that indi- 
cated the economy was about to enter a 
protracted slowdown? How should the news 
of the Crash have revised forecasts of eco- 
nomic growth? To address these questions, 
we study two sets of data assembled by © 
contemporary business-conditions forecas- 
ters. The first consists of the three HES 
indexes. The second consists of commodity 
and stock price indexes compiled and ana- 
lyzed by Irving Fisher. Fisher, who was at 
Yale from 1891 until his death in 1947, was 
a competitor of HES. He also released peri- 
odic reports on the state of the economy, 
and he was a critic of the HES indexes. 

We also use modern historical data on 
industrial production, producer prices, stock 
prices, time-loan rates, and the money stock 
in our statistical analysis. The use of these 
data allows us to address the broader ques- 
tion of the forecastability of the Depression 
without recourse to the services’ idiosyn- 
cratic data. We can also ask whether the 
Depression-era data contain information not 


embodied in the modern data. 


The procedures, data, and pronounce- 
ments of the Harvard and Yale forecasting 
services are discussed in Section J, where the 
accuracy of Crum’s account is also investi- 
gated. Both services failed to anticipate the 
Depression and ‘remained optimistic about 
economic performance following the Crash. 
In the following section, we examine the 
data using time-series analysis. The analysis 
suggests that the services’ optimism was not 
unwarranted. 
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I. The Harvard and Yale Forecasting Services 


The Harvard and Yale economic forecast- — 


ing services were probably the two preemi- 
nent economic analysis and forecasting ser- 


vices available to businesses and members of 


the general public in the 1920s. Despite their 
similarities—their association with prom- 
inent academic institutions— they were quite 
different in purpose and organization. The 
Harvard service, which had a full-time pro- 
fessional staff, was designed’ as a business 
whose object was to provide corporations 
with economic analysis for short-and long- 
range planning. By contrast, Fisher provided 
a service that was designed originally as an 
educational tool for. the public. Later, Fisher 
developed a full-scale advisory business,” but 
initially his pronouncements were published 

weekly i in a syndicated newspaper column on 
economic affairs that appeared nationwide. 

This section summarizes the activities of 
the two forecasting services. The Appendix 
gives a more detailed chronology of their 
pronouncements. 


A. Harvard Economic Service - | 


. The HES forecasts, which were offered to 
businesses by annual subscription,? were 
centered on the Service’s Index of General 
Business Conditions, which, was created by 
HES’s first editor, Warren Persons. Its three 
curves were meant to represent “speculation” 
(the A-curve), “business” (the B-curve), and 
“money” (the C-curve). The Harvard fore- 
casts were then based on the relations de- 
termined to exist among the three curves 
during any given phase of the business cycle 


` 2In 1930, Fisher began to market the Financial Anal- 
ysis Service, published by the Index Number Institute (a 
company founded by Fisher), which included, analysis 
and economic. forecasts based upon the Fisher indices. 
This publication was succeeded by a similar service 
named Trade and Money Index in late 1931. This service 
was in turn succeeded by Market Indicators, ie 
ceased publication in 1934. 

A subscription to the service cost $100 per year 
($805 in 1987 dollars) and consisted of the Weekly 
Letter, which contained the Index of General Business 
Conditions and an accompanying analysis and forecast, 
the Quarterly Review of Economic Statistics, and special 
Statistical supplements. 
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and on the magnitude of the movement from 
peak to trough of each curve (Persons, 1922). 

Although the specific series that made up 
the three curves changed over the thirteen 
years that HES published the indexes, the 
basic index methodology remained the same. 
Curve A, representing speculation, included 
a series of New York bank clearings and 
industrial stock prices; curve B, representing 


‘businéss, included outside bank debits and 


commodity prices;* curve C, representing 


. money, was based upon commercial paper 


rates. 

The construction of the three indicators 
was as follows. First, the underlying compo- 
nent(s) in the index were adjusted for sea- 
sonality. Then, for each underlying compo- 
nent, a “similar” series not in-the index was 
isolated, which was thought to represent a 
secular trend relative to the cyclical compo- 
nent in „question. (For example, for the 

“money” series, the baseline was the average 
yield of ten prime railroad bonds of distant 
maturities.) Percentage deviations between 
each component of the index and the “ base- 
line” series were taken and. then normalized 
by the appropriate standard deviation.. The 
resulting groups of adjusted components 

were then averaged to form the’ relevant in- 
dex curve. 

The resulting indexes are illustrated in 
Figures 1 and 2 for, respectively, the years 
1904-13 and 1919- 31.5 The Harvard data 


*Curve B as first constructed by Persons in 1919 was 
a composite of economic series that reflected business 
conditions, including both production of materials and. 
goods (most notably, pig-iron production) and transac- 
tions in’ commodities and services. The curve was re- 
vised in 1923 to include only bank debits and a. ten- 
commodity price index. The position of the baseline 
(Bradstreet’s index) used in constructing curve B “was 
determined by shifting the ‘curve upward so that the 
crossing points with the ten-commodity index would 
correspond to the dates of crossing given for pig iron 
production, the index of trade, and outside debits, r 
[Persons, 1923, p. 187] ` 

“As can be seen, there appears to be PEE 
power in the earlier pe-iod. A close inspection of HES’s 
brochure suggests, however, that the remarkable fit was 
in fact achieved by an “exhaustive study of business 
statistics, for the primary purpose of developing a reli- 
able index of. general business conditions” (Harvard 
University Committee on Economic Research, 1923b, p. 
8] and that this exhaustive study was performed using 
data from the years 1904-13. 
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do not appear at first glance to support 
Crum’s story that the HES indicators fore- 
cast a recession in the summer of 1929. All 
three indexes appear to lag the Crash, rather 
than anticipate it. Close reading of the HES 
brochure suggests, however, that it is possi- 
ble that the statistical assistant foresaw a 
collapse or at least a downturn at this point. 
The brochure states that “the index [C] fore- 
casts speculation [ A]’ and that “a persistent 
rise in interest rates was the forerunner of a 
decline in security prices; after such a de- 
cline in security prices, a decline in business 
[B] of several months duration....” [Harvard 
University Committee on Economic Re- 
search (1923b), p. 11).] In the period 1927-29 


curve C had reflected exactly such a per- 


sistent rise in interest rates, and while it is 
not clear from the service’s description ex- 
actly when such a rise should ultimately be 


expected to imply a stock market downturn, - 


it is entirely possible that by the summer of 
1929 the assistant saw a market decline as 
imminent. More importantly, the speculation 
index (A) shows a major decline during the 
second quarter of 1929. It peaked in March 
and by June had declined by over 10 per- 
cent. This major but transitory decline is 
almost lost in a graph of curve A including 
the Crash, but it would have looked substan- 
tial during the second quarter.® 

If at least some on the Harvard staff be- 
lieved that the data foretold business doom, 
however, this was not apparent in the HES’s 
public pronouncements through the period 
of collapse. A detailed chronology of these 
pronouncements is included in the Appen- 


dix. The service painted a fairly gloomy pic- 


ture earlier in 1929, only to moderate its 
view as the stock market continued to boom. 
Immediately after the stock market Crash 
HES pointed to the fact that interest rates 
had promptly declined, indicating, in their 


‘view, the soundness of Federal Reserve 


policy. Confidence in an imminent recovery 
continued until late 1931 when their assess- 
ment finally become quite bleak. 


This decline is not present in either Fisher’s stock 
price index or Alfred Cowles’s (1939) stock price index. 
Hence, it may be spurious. i 
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B. Irving Fisher 


Beginning in January 1923, Irving Fisher’s 
Business Page included the Fisher Commod- 
ity Price Index and the Purchasing Power of 
the Dollar Index, along with weekly discus- 
sions of relevant economic issues of the time. 
The Commodity. Price index is Fishers 
“Ideal” index, a geometric average of base 
and current period weighted indexes. [Fisher, 
1923, p. 835] The Purchasing Power of the 
Dollar index is simply the inverse of the 
Commodity Price index. The duplication 
was, however, central to Fisher’s missionary 
ideas for his service. He aimed to educate- 


the public to eliminate money illusion.” 


. In 1925 Fisher added to his analysis a 
stock market index, which consisted of a 
weighted value index for the market, -with 
stocks picked based on a standard of “ popu- 
larity.” The index was computed based on 
averaging the value of the previous week’s 
fifty best-selling stocks, based on total market 
value of share turnover. The index was linked 
across weeks by calculating a composite 
average based on the subsample of stocks 
that appeared in both weeks’ indexes. [Fisher, 
1927] | 
Unlike HES’s, Fisher’s forecasts were sim- 
ple and straightforward applications of the 
classical paradigm, allowing for some rigidi- - 
ties slowing adjustment. Thus, for example, 
a falling dollar and rising commodity prices 
“shows that the volume of money and credit 
available is increasing faster than its utiliza- 
tion in the production and exchange of goods 
and services. When more money and credit 
are applied to the same (or smaller) volume 
of goods and services, it results in increased 
competition by the funds for the available 
goods and services.”® Rising commodity 


"Fisher analyzes.a number of indices published at the 
time. In a footnote, Fisher comments on the Harvard 
index methodology: “One of the most interesting kinds 
of index number is Prof. Person’s new index number for 
use as a barometer of trade. In this case the selection of 
the 10 commodities included is based, not on any of the 
usual criteria, but on their previous behavior in relation 
to the business cycle.” [Fisher, 1927, p. 336] 

®See Edwin Newdick (1929, p. 2). A brief exposition 
of Fisher’s forecasting methodolgy, “How to Use Fisher 
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prices would thus engender a forecast of 
declines in real interest rates, a rising in- 
dustrial production rate, and increasing in- 
ventories due to increases in the value of 
goods. 

Although Fisher’s economic analyses are 
less chartist than HES’s, his predictions in 
the period before and after the Crash were 
- no closer to the mark than those of his 
Harvard brethren. Indeed, his analyses dur- 
ing 1930 and. 1931 were consistently even 
more optimistic than Harvard’s.? Immed- 
jately after the Crash he noted that 
price /earnings ratios of less than eleven for 
industrial stocks were too low given expected 
earnings and dividend growth in the future. 


Throughout 1930 Fisher continued to com- - 


- pare favorably the current situation to the 

1920-21 recession. Even by late 1931, Fisher 
continued to read good news into the bad. 
He believed that commodity prices had tem- 
porarily leveled off and business was soon to 
see a long overdue turnaround. 


I.. Statistical Analysis 


The above discussion of the Harvard and 


Yale services and the detailed chronology of - 


. their pronouncements in the Appendix makes 
clear that the services neither predicted a 
downturn before the Crash nor became sub- 
stantially more pessimistic about the econ- 
omy following the Crash. In this section, we 
use time-series methods to study whether 
these optimistic projections were warranted 
by the data. 

To study the forecastability of the Depres- 
-~ sion, we estimate a number of vector autore- 
gressive (VAR) models using the Harvard 
and Fisher data and the modern historical 
data. The models: differ in the number of 
variables included. The lengths of the esti- 
mation periods also differ across models, 
depending on data availability. 
- Each equation includes.a constant and 
twelve lags of all the variables in the system. 


Indexes” by Newdick, was part of the Financial Analy- 
sis Service subscription package. 
“Again, the chronology in the Appendix supports the 
following brief summary.of Fisher’s. views. 
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We impose Litterman’s Bayesian prior that 
the variables follow univariate random walks. 
The standard deviations of the prior take the 
form 


(1) S(i, j,k) =yg(k)f(i, J)(s;/s:).° 


where i indexes the left-hand side variable, j 
indexes the right-hand side variables, and k 
indexes the lag. s; is the standard error of 
the unrestricted equation for variable i. We 
use the parameters fli, i) =1.0, JE J) =.75, 
i+ j, g(k) =k" 1, and y= 0.3.16 

We also computed all the estimates with a 
lag length of two with no priors imposed. 
These results were quite similar to the results 
using twelve lags, and so only the forecasts 
using twelve lags are reported below. 

The HES variables are the A, B, and C 
indexes. The data for these variables begin in 
January 1919. The Fisher variables are his 
commodity price index and his stock price 
index. The data for both of these variables 
are available beginning in January 1925. The 
modern historical variables are an industrial 
production index, a producer price index, a 
stock price index, a three-month interest rate, 
and a measure of the money stock. We use 
two indexes of industrial production, one 
from the Federal Reserve, which begins in 
January 1919, and one from Babson, which 
begins in January 1890.1! The producer price 
index is the Bureau of Labor Statistics all- 
commodity wholesale price index; the stock 
price index is Cowles all-stock index; and 
the interest rate is the three-month time loan 
rate of N. Gregory Mankiw, Jeffrey Miron, 
and David Weil (1987). The data on these 
three variables are available beginning at 
least in January 1890. The money stock 


°These priors are somewhat looser than those re- 
commended by Christopher Sims (1987, p. 446). In the 
RATS programming language, they can be expressed as 
tightness = 0.3, harmonic decay = 1.0, and other’s 
weight = 0.75. See Thomas Doan and Robert Litterman 
(1987). 

When Babson’s index is used, it is scaled to equal 
the Federal. Reserve’s index in June 1929. The two 
indexes are quite close in the period that they overlap. 
Regressing Babson’s index on the Federal Reserve’s 
index and a constant for the period from January 1919 
to December 1933 yields an R? of .965. 


wan agent 
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INDUSTRIAL PRODUCTION 





AJ OJA: JOO à JO JA 
1929 1939 1931 


FIGURE 3. ACTUAL AND FORECAST VALUES: MODERN PLUS HES Dara, . 
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PRODUCER PRICES 





1929 1930 1931 


SAMPLE BEGINS JANUARY 1920. Note: System includes industrial aera 
(FRB), producer prices, three-month time loan rate, stock prices, M2, and the 
HES's A, B, and C series. Solid lines are actual data. Dashed lines arë 
forecasts conditional on data through June 1929 (1), September 1929 (2), 
October 1929 (3), November 1929 (4), December 1929 (5), and June 1930 (6). 


series, which begins in May 1907, is Milton 
Friedman and Anna Schwartz’s (1970) M2 
series. In the estimation work, we use loga- 
rithms of the variables except for the A, B, 
and C variables and the interest rate vari- 
able, which were kept in their natural units. 

- We use the same procedure for each VAR 
model. The model is first estimated through 
a particular month: A dynamic, -24-month 
forecast is. then generated using the model, 
where the forecast begins one month after 


the end of the estimation period. Six sets of © 


estimates and forecasts are. made per model. 
The first forecast period begins in July 1929 
(and so the first estimation period ends in 
June 1929). The starting dates of the other 
five forecasts are October 1929, November 
1929, December 1929, January 1930, and 
July 1930. In the figures below we report 


\2The data and.data sources are discussed in the 
Appendix. 


results only for industrial production and 


producer prices, although, of course, the 


forecasts of all the variables in the model 
underlie these calculations. 

The first model consists of eight ae 
—the five modern variables plus the A, B, 
and C variables. The estimation periods be- 
gin in January 1920. We first test the hy- 
pothesis that the 4, B, and C variables have 
coefficients of zero in the industrial produc- 


‘tion and producer price equations. When. 


two lags are used per variable, the chi-sqvare 
value is 35.1, which for 12 degrees of free- 
dom rejects the hypothesis at the .01 level. 
When twelve lags are used, the chi-square 
value is similar, 38.5, although with the 
Bayesian priors imposed the number. of de- 
grees of freedom is difficult to interpret. At 
any rate, it thus seems from at least the 
two-lag case that the A, B, and C variables 
are jointly significant. . 

The forecasting results are presented in 
Figure 3. The solid line indicates the actual 
data from the beginning of 1929 through the 
first half of 1932, and the six dashed lines 
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FIGURE 4. ACTUAL AND FORECAST VALUES: MODERN PLUS FISHER DATA, 
SAMPLE BEGINS JANUARY 1926. Note: System includes industrial production 
(FRB), producer prices, three-month time loan rate, stock prices; M2, and 
Fisher’s stock and commodity price indexes. Solid lines are actual data. 
Dashed lines are forecasts conditional on data through June’1929 (1), 
September 1929 (2), October 1929 (3), November 1929 (4), and December 
l 1929 (5). 


give the 24-month forecasts. It is clear from 
Figure 3 that neither before nor after the 
Crash does the VAR system forecast the 
Depression. Aside from slight dips in output 
in several of the forecasts for a few months; 
all the forecasts indicate continued expan- 
sion of the economy. All the forecasts. thus 
produce large, negative errors in later peri- 
ods. The price forecasts similarly systemati- 
cally overpredict the price level. 

The second model consists of the five 
modern variables plus Fisher’s two variables. 
The estimation -periods begin in January 
1926. Because Fisher stopped issuing his data 
in May 1930, we include only the first five 
forecasts. We also test the hypothesis that 
the two. Fisher variables are zero in the in- 
dustrial production and producer price equa- 
tions. In the two-lag case the chi-square value 


13Although the estimates are based‘on logarithms of 
industrial production and producer prices, the results 
are reported for levels of these variables. 


is 14.5, which with 8 degrees of freedom is 
significant at the .01 level. Again, the value 


_ Of 14.8 in the twelve-lag case is similar. 


Figure. 4 presents the forecasting results 
for this .model. The first three . forecasts 
(through the estimation period ending in Oc- 
tober 1929) show rapid expansion in output. . 
The implied annual growth rates approach 
double digits. Once the Crash is embodied in 
the initial conditions, the forecasts show 
sharp declines in output followed by sharp 
rebounds in about a year. Except for the 
slight deflation forecast before the Crash; the 
forecasts of the producer price index: are 
essentially flat, and so they imply large fore- 
cast errors. am 

The two models examined so far are based 
on estimation periods that contain only ob- 
servations. from the 1920s. Aside- from the 
sharp recession. at the beginning of the de- 
cade, the 1920s witnessed strong and sus- 
tained economic growth. It thus may be that 
the poor performance of the models is sim- 
ply due to the use of estimation periods that 
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FIGURE 5. ACTUAL AND FORECAST VALUES: MODERN DATA, SAMPLE BEGINS 
JANUARY 1920, Note: System includes industrial production (FRB), producer 
prices, three-month time loan rate, stock prices, and M2. Solid lines are actual 
data. Dashed lines are forecasts conditional on data through June 1929 (1), 
September 1929 (2), October 1929 (3), November 1929 (4), December 1929 (5), 
and June 1930 (6). 


are too short. In other words, one might not 
expect to find seeds of the Depression in the 
data from the 1920s using time-series meth- 
ods. We can, however, examine whether the 
poor forecasting performance of the models 
is due to the small sample by extending the 
estimation period back much further. If we 
drop the HES and Fisher variables and use 
Babson’s index of industrial production in 
place of the Federal Reserve’s, we can ex- 
tend the sample back to January 1907, -and if 
we further drop the money stock variable, 
we can extend the sample back to January 
1890. Eight troughs occurred between 1890 
and 1918 according to the National Bureau 


_of Economic.Research chronology (Geoffrey 


Moore and Victor Zarnowitz, 1986, p. 750), 
some quite severe. These data thus provide a 
much firmer basis for attempting to forecast 
the Depression using time-series methods. 
Before extending the.sample backward, we 
present estimates based on the modern vari- 
ables only, but using the same sample peri- 
ods as for the HES and Fisher data. These 
estimates show how the HES and Fisher 


data affect the forecasts. In Figure 5 we 
present forecasts from the model using only 
the five modern variables for the estimation 
periods beginning in January 1920. These 
forecasts are comparable to those in Figure 3 
except that the HES data are excluded. The 
forecasts in Figure 5 are close to those in 
Figure 3, which suggest that the HES vari- 
ables have little incremental value in fore- 
casting industrial production and producer 
prices, even though they are jointly signifi- 
cant in the two equations. 

We next estimated the model using only 
the five modern variables for the estimation 
periods beginning in January 1926. The fore- 
casts are presented in Figure 6. These fore- 
casts are comparable to those in Figure 4 
except that Fisher’s data are excluded. As in 
Figure 4, output is forecast to grow much 
faster than it did, but.the size of the forecast 
errors are smaller than when Fisher’s data 
are included. ~ 

Figures 5 and 6 show that the HES and 
Fisher data do not much affect the forecasts 
of the Depression based on data from the 
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FIGURE 6, ACTUAL AND FORECAST VALUES: MODERN DaTA, SAMPLE BEGINS 

JANUARY 1926. Note: System includes industrial production (FRB), producer 

prices, three-month time loan rate, stock prices, and M2. Solid lines are actual 
data. Dashed lines are forecasts conditional on data through June 1929 (1), 


September 1929 (2), October 1929 (3), 
1929 


1920s. We now consider the effects of 
lengthening the-estimation period. The fore- 
casts in Figure 7 are based on the use of the 
five modern variables for the estimation 
periods beginning in May 1908.14 The begin- 
ning of the estimation periods is dictated by 
the money data, which are available begin- 
ning in May 1907. The first forecast in Fig- 
ure 7, based on.information through June 
1929, shows a moderate downturn in pro- 


-` duction. This is not true, however, for the 


other five forecasts. The forecasts for the 
price level in Figure 7 are more striking. The 


‘dramatic deflation of the early 1930s is pre- 
dicted in the forecasts based on data through 


the first months after the Crash. Interest- 
ingly enough, the last two forecasts, whose 


‘4 Given that the estimation period now begins before 
the Federal Reserve’s industrial production index is 
available, these and subsequent results use the Babson 
index. Forecasts based on the use.of Babson’s index for 
the estimation periods beginning in January 1920 are 
almost identical to those presented in Figure 5 using the 
Federal Reserve’s index. | 


November 1929 (4), and December 
(5). 


initial conditions clearly reflect the actual 


‘start of the deflation, do not forecast the 


continuation of the deflation. 
The forecasts in Figure 8 are based on the 
same estimation periods as those in Figure 7, 


. but the money stock variable is dropped. 


The model thus consists of only four modern 
variables. The third forecast in Figure 8 pre- 
dicts the continuing fall in output fairly well, 
although the others do not. As in Figure 7, 
the first three forecasts of the pricé level 
predict the deflation quite well. Because sim- 
ilar results are obtained without the money 
data in Figure 8, the forecasts of the defla- 
tion in Figure 7 do not depend on the use of 
the money data. 

Finally, the forecasts in Figure 9 are based 
on the use of the four modern variables 
(excluding the money stock) for the estima- 
tion periods beginning in January 1891. This 
sample period is the longest at our disposal 
with these data. The results show that except 
for slight downturns in the forecasts based 
on data through October and November 1929 
(the third and fourth forecasts) industrial 
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FIGURE 7.: ACTUAL AND FORECAST. VALUES:, MODERN DATA, SAMPLE BEGINS ` 
May 1908. Note: System includes industrial.production (Babson), producer 
prices, three-month time loan rate, stock-prices, and M2. Solid lines are actual 
data. Dashed lines are forecasts conditional on data through June 1929 (1), 
September 1929 (2), October 1929 (3), November 1929 (4), December 1929 (5), 
and June 1930 (6). 
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ue FIGUÁE 8. EN ‘AND FORECAST VALUES: MODERN DATA ECTUDINE 
_ Money Stock, SAMPLE BEGINS May 1908. Note: System includes industrial - 
: production (Babson), producer prices, three-month time loan rate; and stock 
prices. Solid lines aré actual ‘data. Dashed lines are forecasts conditional on 
_ data through June’ 1929 (1), September 1929 (2), October 1929 (3), November 
‘. - .1929 (4), December 1929 (5), and June 1930 (6). 
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“FIGURE 9. ACTUAL AND FORECAST VALUES: MODERN DATA EXCLUDING 
MONEY STOCK, SAMPLE BEGINS JANUARY 1891. Note:. System includes 
industrial production (Babson), producer prices, three-month time loan rate, 
and stock prices. Solid lines are actual data. Dashed lines are forecasts 
. conditional on data through June 1929 (1), September 1929 (2), October 1929 
(3), November 1929'(4), December ae (5), and June 1930 (6). 


production is predicted to grow on trend. As 


in Figures 7 and 8, the early forecasts for the 
price level give very accurate forecasts for 
the deflation, but these are revised upward in 
the forecasts based:on information through 
December 1929 and June 1930. 

In summary, the results. in Figures 3 
through 9 show that the large: declines in 
output at-the beginning of the Depression 
were essentially not predicted in both the 
months before the Crash -and once the news 
of the Crash is taken into account. In a few 
of ‘the systems, small output declines are 
predicted, but even these more accurate pre- 
dictions disappear over longer horizons and 
as the forecasts adjust to the changing initial 
conditions. Similarly, the large deflation was 
not systematically predicted by the systems. 
In the estimates based on the long samples 
(Figures 7-9), the ‘early forecasts, which are 
conditional. on data leading up to and just 
following the Crash, are quite accurate. These 


forecasting successes should not be overem- 


phasized, however, because the forecasts are 
very unstable as the initial conditions and 


coefficient . estimates change. Hence, aside 
from a hint of forecastability of the defla- 
tion, the. Depression was unforecastable 
using our time-series methods. Therefore, the 
Harvard Economic Service, Irving Fisher, or 
an econometrician endowed with modern 
time-series methods and data would be 
justified in appearing optimistic about the 
economy on the eve of and in the months 
following the Crash. 


IH. Conclusion 


_ Our results imply that the Harvard and 


= Yale forecasters cannot necessarily be faulted 


for remaining optimistic after the Crash. 
Their continued optimism is consistent with 
our conclusion based on time-series methods 
that the Depression was not forecastable. 


They were both justified in holding what 


ex post was an incorrect view. Thus, one 
might conclude that Harvard and Yale tied. 

Our finding that the Depression was 
not forecastable should be interpreted cau- 
tiously..Our time-series findings do not rule 
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out the possibility that a structural model 
based on restrictions from economic theory 
could forecast the Depression. None of the 
major theories of the Depression, however, 
necessarily imply that the Depression was 
forecastable. Friedman and Schwartz (1963) 
place the blame for the Depression on mis- 
takes made by the Federal Reserve, in par- 
ticular the fact that the money stock fell 
by over a third from August 1929 to 
March 1933. No one suggests that these mis- 
takes were forecastable. Peter Temin (1976) 
stresses autonomous declines in aggregate 
demand, and insofar as these were unfore- 
castable, his theory does not make the De- 
pression forecastable. Charles Kindleberger’s 
(1986) account of the Depression stresses the 
role of financial panics and the collapse of 
commodity prices. Again, these are not likely 
to be forecastable. James Hamilton (1987) 
does argue that the monetary contraction 
started in 1928. If this early monetary con- 
traction were an important cause of the De- 
pression, our regressions could in principle 
detect it. Yet, Hamilton (1987, pp. 167-68) 
does not suggest that the monetary contrac- 
tion in 1928 was sufficient to cause the De- 
pression, so the failure of time-series tech- 
niques to forecast the Depression may not 
contradict his account. The leading explana- 
tions of the Depression are thus based on 
unforecastable policy and economic dis- 
turbances. Therefore, finding that the De- 
pression is unforecastable does not help dis- 
tinguish among these explanations of its 
cause. 


APPENDIX 


Chronology of the Services’ Forecasts. This section 


of the Appendix contains the evolution of pronounce- | 


ments made by the Harvard Economic Service and 
Irving Fisher on the status of the economy, from early 
1929 through 1931. It clearly demonstrates that both 
failed to forecast the Depression and remained optimis- 


tic following the Crash of the stock market in October. 


1929. 
Harvard Economic Service. In April 1929, HES 


issued the following warning about the overheated eco- _ 


nomic environment: 


Recent developments—-notably the weakness of certain 
commodity prices, as well as the money tension— sug- 
gest some recession from the present level of business... . 
A renewed unsettlement of stock prices, perhaps. a pro- 
tracted liquidation, might well result under present con- 
ditions of money tension.... Business is not in the 
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strained condition which has led to real depression in 
the past; and, while-interest rates are now higher than at 
any other time since 1921, the present large resources of 
the reserve system give assurance that no shortage of 
credit for industrial purposes will develop. 

(HES, 4/20 /1929}5 © 


This view persisted through the summer of 1929. In 
May, the Service noted that “The signs pointing to 
recession continue to pile up” (HES, 5/18/1929]. 


By mid-September, when the speculation index was 
rising, the tone moderated considerably: 


Recent developments (reduced volume of construction 
projects, below average crop prospects, unfavorable in- 
ternational trade balances) have tended to emphasize 
the unfavorable elements in the business (as dis- 
tinguished from the financial) situation..: . But no sharp 
decline has appeared in general business, and activity 
remains high. [HES, 9/21/1929} 


The week prior to Black Friday, the assessment was that 


If recession should threaten serious consequences for 
business (as is not indicated at present) there is little 
doubt that the reserve system would take steps to ease 
the money market and so check the movement. 

i | [HES, 10/19/1929] 


This tone persisted as calamities mounted over the 
coming year. Immediately following the Crash, in early 
November, the appraisal was that 


Doubtless the losses entailed by the decline in stocks 
will increase the extent of the present business reces- 
sion. On the other hand, money rates have declined 
promptly and considerably... this is in itself evidence of 
the soundness of the present business situation. Under 
such conditions, we believe that the present recession, 
both for stocks and business, is not the precursor of 
business depression, but will prove intermediate in char- 
acter. [HES, 11/2/1929] 


By late December 1929, the Harvard staff was even 
forecasting recovery: 


Today a depression seems improbable, and continuance 
of business recession is all that is in prospect. This 
justifies a forecast of recovery of business next spring, 
with further improvement in the fall, so that 1930, as a 
whole, should prove at least a fairly good year. 
[HES, 12/21/1929] 


Confidence then continued as the downturn worsened: 


Since our monetary and credit structure is not only 
sound but un y strong, commercial credits are 
liquid, and production for ‘some months has probably 


` -been less than current demands, there is every prospect 


that the recovery which we have been expecting will not 
be long delayed, and that the only change that need be 
made in our forecast is that this fall business will not 
acquire as much impetus as we- have been expecting. 

i (HES, 8/20/1930] 


!5 This and the fallowing quotations from the Harvard 
Economic Service (HES) appeared in the Weekly Letter 
on the indicated date. 
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Except in construction activity, the current ‘depression 
seems to be following much the same course as that of 
1920-21, as respects the length and severity of decline 
and the inception of recovery; and we conclude that 
improvement in business volumes, the first step in busi- 
ness recovery, is already underway. [HES, 6/30/1931] 


A dawning awareness that this economic downturn was 
not similar in nature to those preceding it is found in 
the final months of 1931. In August, the Service noted 
that “If financial unsettlement continues in Europe, real 
business recovery here may be prevented...” [HES, 
8/22/1931]. And by December of that year, the assess- 
ment had finally become quite bleak: 


But though the threatening elements in the situation are 
fewer, adequate grounds for forecasting business revival 
have not yet appeared. (HES, 12/19/1931] 


Irving Fisher. In-September 1929, Fisher was bull- 
ish about future economic prospects, seeing none of the 
potential warning signs that Harvard service had noted 
through the summer of that year.!® 


We have witnessed probably the greatest expansion in 
history, within any similar period of time, of the real 
income of a people.... The alarm over the supposed 
inflation of security values seem unjustified by the re- 
cent record of dividend yields, increases which doubt- 
less will be followed by much larger increases. 

[Fisher, 9/2/1929]}” 


The day before Black Friday, Fisher continued bullish 
in the face of the (relatively) small perturbations that 
had rocked the market in recent weeks and stirred 
concern on Wall Street. 


The [stock market] break certainly exhibited signs of a 
market rendered topheavy by the activities of shoals of 
speculators, acting unintelligently, who at last became 
frightened and dumped millions of shares in a way 
temporarily to swamp the Exchanges... . The only event 
which can bring about a serious decline in stock value is 
a severe business slump, which does not seem likely 
from present indications. [Fisher, 10/28/1929] 


Immediately after the Crash, the outlook remained opti- 
mistic: : 

The price of industrial stocks at less than 11 times their 
earnings seems too low a ratio, in view of the expecta- 


tion of a faster rate of earnings in future and of the 
diminished risks of modern investment methods... . The 


t6 Fisher’s optimism, however, is consistent with his 
data. In contrast to the Harvard speculation index (A), 
which shows a 10 percent decline from March to June 
1929, the Fisher stock price index shows no decline. 
Similarly, the Cowles (1939) stock price index, which 
has been widely used in recent studies, has some 
fluctuations but is essentially flat over the interval. 
This and subsequent statements appeared in 
Fisher’s syndicated Business Page on the indicated dates. 
Copies of the columns are contained in the Fisher 
collection housed in the Manuscript and Archive Col- 
lection, Sterling Memorial Library, Yale University. 
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market has, therefore, good reason for recovering on a 
new plateau. [Fisher, 11/4/1929] 


As the recession deepened, Fisher’s optimism bordered 
on advocacy, inveighing against dire interpretations of 
the direction of current indicators: 


It should be noted that while the stock exchange en- 
dured the severest panic in history, this did not suffice 
to shake the price level of stocks off a warrantable high 
new plateau, which had been built up since 1922.... 
The function of the stock market is to reflect the dis- 
counted value of future increased business, as clearly 
foreshadowed in the increasing rate at which earnings 
are plowed-back into industry. [Fisher, 12/30/1929] 


While prediction is always hazardous in economic sta- 
tistics, and I wish to avoid making any definite predic- 
tion, it would not be any vine if by next month the 
worst of the recession will have been felt and improve- 
ment looked for. [Fisher, 1/20/1930] 


In the early summer of 1930, Fisher remained unwilling 
to read calamity into the current economic situation. 
Comparisons with the 1920-21 recession predominated 
in his analysis—as they did in Harvard’s—but Fisher’s 
brand of optimism remained both stronger and more 
colorful: 


It seems manifest that thus far the difference between 
the present comparatively mild business recession and 
the severe depression of 1920-21 is like that between a 
thunder-shower and a tornado. [Fisher, 5/19/1930] 


By winter of that year, Fisher finally acknowledged the 
seriousness of the economic situation; yet like members 
of the Harvard group, he continued to see the potential 
for an imminent upturn and expressed his hopes with 
mounting drama: . 


Doubtless, to many, this will be the winter of our 
discontent, and to all of us it is as gloomy as the 
darkness that preceeds dawn.... One would expect the 
bottom to be reached in the stock market prior to the 
upturn in commodity prices. Since the middle of 

ovember this seems to have been the case. 
[Fisher, 12/1/1930] 


In attempting to review and estimate the business situa- 
tion, it is sometimes necessary, during a business de- 
pression such as this, to find hopeful signs in negative 
figures. Such a potential state of affairs holds true just 
now. [Fisher, 2/2/1931] 


The industrial giant has become conscious again. He is 
beginning to move around slowly in an effort to regain 
his feet, as the cobwebs from a knockout blow gradually 
clear from his brain. [Fisher, 2/23/1931] 


By the end of 1931, when the Harvard team had begun 
to admit to the reality contained in the steady flow of 
bleak economic data, Fisher maintained his optimism. 


Business showed further gain last week, and if improve- 
ment continues at the present rate, September should 
mark the low of the depression. Particular attention is 
called to the fact that commodity prices for both raw 
materials and agricultural products were strong. No 
single factor would be as helpful to business as a 
cessation in the commodity price decline that has been 
continued for the past two years. [Fisher, 10/17/1931] 
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Data Sources. This section gives the details of the 
data used in this paper. Table Al gives the HES’s A, B, 
and C series and Fisher’s stock and commodity prices. 
The source for these series and the modern historical 
data are as follows: 

Harvard Economic Services Curve-A, Curve-B, and 
Curve-C were collected from various issues of The 
Review of Economic Statistics 1919-22, and the Harvard 
Weekly Letter, 1923-31. 

Fisher’s Wholesale Price Index appeared in various 
issues of the Journal of the American Statistical Associa- 
tion, 1923-30; a revised series appeared in JASA Re- 
print, September 1930. 

Fisher’s Stock Index was collected from Fish- 
er’s Scrapbooks 1925-27 (Yale Manuscript and Ar- 
chive Collection) and Index Number Institute releases 
1928-30. 

The Industrial Production Index is a revised season- 
ally adjusted series published by the Federal Reserve 
Board in Statistical Release G12.3, July 18, 1985. 

Babson’s index of industrial production closely tracks 
the FRB’s during the period of overlap. It is published 
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beginning monthly on a seasonally adjusted basis begin- 
ning in 1889 in Moore (1961, p. 130). 

The interest rate series is the three-month time loan 
rate collected and analyzed by Mankiw, Miron, and 
Weil (1987, p. 372). These data are available beginning 
in 1890. 

The money series is Friedman and Schwartz’s (1970) 
M2 series. They are available on a monthly seasonally 
adjusted basis beginning in May 1907. 

Our price index is the Bureau of Labor Statistics 


- Wholesale Price Index (now called the Producer Price 


Index). The annual wholesale price index is Series E23 
in Historical Statistics. We obtained the monthly series 
from the BLS beginning in 1913. The monthly series 
from 1890 through 1912 is from Bureau of Labor Statis- 
tics, Index Number of Wholesale Prices on Pre-War 
Base, 1890—1927 (1928). We have been unable to locate 
this series in , present- -day BLS sources. 

' The stock price is Cowles’s (1939) all commodity 
stock price index (Series P-1). 


TABLE Al-——HARVARD ECONOMIC SERVICE AND IRVING FISHER’S DATA 


Harvard Economic Service Fisher 
Month Commodity Stock 
and Year Speculation (A) Business (B) Money (C) Prices . Prices 
Jan. 19 —1,13 —0.88 0.39 NA NA 
Feb. 19 — 1.00 —1.14 0.36 NA NA 
Mar. 19 — 0.96 — 1.46 0.45 NA NA 
Apr. 19 — 0.44 —1.23 0.55 NA NA 
May 19 0.62 — 0.40 0.56 NA NA 
June 19 1.00 —0.16 0.73 NA NA 
July 19 1.69 0.35 0.74 NA NA 
. Aug. 19 1.22 0.54 0.64 NA NA 
Sept. 19 1.24 0.18 0.52 NA NA 
Oct. 19 1.63 0.26 0.61 NA NA 
Nov. 19 1.62 0.34 0.83 NA NA 
Dec. 19 1.16 0.76 1.02 NA NA 
Jan. 20 0.88 1.07 1.46 NA | NA 
Feb. 20 0.38 0.95 1.87 NA NA 
Mar. 20 0.82 1,20 1,91 NA NA 
Apr. 20 0.88 1.44 1.93 NA NA 
May 20 0.15 1.76 2.27 NA NA 
June 20 0.05 1.94 2.44 NA’ NA 
July 20 0.14 2.02 2.50 NA NA 
Aug. 20 —0.19 1.68 2.61 NA NA 
Sept. 20 — 0.28 1.50 2.33 NA NA 
Oct. 20 — 0.36 0.84 2.20 NA NA 
Nov. 20 — 0.34 0.35 221 NA NA 
Dec. 20 — 0.64 — 0.01 1.95 NA NA 
Jan. 21 —0.97 — 0.58 1.85 NA NA 
Feb. 21 —1.10 — 0.88 1.87 NA NA 
Mar. 21 —1.24 —1.27 1.73 NA NA 
Apr. 21 —1.20 —1.25 1.68 NA NA 
May 21 —0.95 — 1.09 1.57 NA NA 
June 21 — 1.30 -1.14 ` 1.53 NA NA 
July 21 —1.36 —1.42 1.10 NA NA 
Aug. 21 — 1.46 —1.16 0.85 NA NA 
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TABLE Al-—-CONTINUED 


Harvard Economic Service Fisher 

Month Commodity Stock 
and Year Speculation (A) Business (B) Money (C) _ Prices Prices 
Sept. 21 | ` —131 — 1.08 ` 0.63 NA NA 
Oct. 21 — 1.41 — 1.09 0.46 NA NA 
Nov.21 =- © =I% ` -1.35 0.24 NA NA 
Dec. 21 _ —0.74 — 1.44 0.20 NA NA 
Jan. 22 — 0.94 — 1,66 0.07 NA NA 
Feb. 22 . — 0.74 - —1,34 - 0.07 NA NA 
Mar. 22 - — 0.60 —1.25 — 0.06 NA NA 
Apr. 22 — 0,24 —1,20 — 0.26 NA NA 
May 22 —-0.14 . — 0.64 — 0.35 NA NA 
June 22 - 020 — 0.38 — 0.46 NA NA 
July 22 — 0.02 — 0.38 —0.55 NA NA 
Aug. 22 0.20 — 0,08 — 0.61 NA NA 
Sept. 22 0.28 —0.14 —0.39 NA NA 
Oct. 22 0.30 — 0.10 ~ 0.22 NA NA 
Nov. 22 — 0.02 — 0.34 ~0.06 ` NA © NA 
Dec. 22 —0.12 0.10 — 0.06 NA NA 
Jan. 23 - —0.04 0.52 —0.l4 100.6 NA 
Feb. 23 0.14 0.71 — 0.01 103.2 NA 
Mar. 23 0.24 0.69 0.24 106.7 NA 
Apr. 23 0.12 0.72 0.27 107.6 ` NA 
May 23 —0.12 0.98 0.31 104.5 NA 
June 23 —0.17 0.62 0.14 | 101.2 - NA 
July 23 —0.43 0.20 0.22 97.0 NA 
Aug. 23 — 0.48 0.38 0.22 96.9 NA 
Sept. 23 — 0.49 —0.13 0.29 98.8 NA 
Oct. 23 - —0,56 — 0.06 0.20 100.0 NA 
Nov. 23 - — 0.34 — 0.03 0.14 98.4 NA 
Dec.23 > .°- —0.24 —0.16 0.07 97.8 NA 
Jan. 24 —0.16 —0.14 0.09: 98.0 NA 
Feb. 24 — 0.09 0.39 0.00 99.9 NA 
Mar. 24 — 0.10 0.01 -0.12 -> 98.0 NA 
Apr. 24 — 0.26 0.10 ~ 0.25 96.6 NA 
May 24 — 0.33 0.24 — 0.45 96.0 NA 
June 24 —0.18 —0.12 — 0.76 95.4 NA 
July 24 0.03 0.16 -1.14 97.3 NA 
Aug. 24 0.21 0.36 ~1.29 98.9 NA 
Sept. 24 0.09 — 0.01 — 1.32 99.2 NA 
Oct. 24 0.08 0.10 -1.35 101.4 NA . 
Nov. 24 0.62 — 0.08 -1.20 102.6 NA 
Dec. 24 0.93 0.24 — 0.92 103.5 NA 
Jan. 25 -0.84 0.66 —0.81 106.7 74.6 
Feb. 25 0.90 0.66 —0.79 ‘107.5. 76.5 
Mar. 25 ' 0.74 0.58 —0.59 107.3 14.7 
Apr.25 >- 0.50 0.66 — 0.63 103.5 73.0 
May 25 0.79 0.56 _ —0.67 103.5 77.7 
June 25 0.82 0.64 — 0.63 104.0 82.1 
July 25 0.94 0.78 — 0.60 105.8 85.3 
Aug. 25 ; 1.26 0.50 — 0.49 105.6 88.5 
Sept. 25 1.26 0.69 —0.37 104.6 93.5 
Oct. 25 1.50 1.06 —0.21 103.6 102.4 
Nov. 25 1.78 - 0,64 —0.17 105.2 106.8 
Dec. 25 1.87 0.75 — 0.12. 105.2 107.8 
Jan. 26 1.82 1.65 — 0.14 105.4 111.2 
Feb. 26 1.74 1.28 —0.24 104.2 114.4 
Mar. 26 1.35 1.11 —0.27 101.0 101.2- 
Apr. 26 o 124 1.06 — 0.47 99.6 94.9 


May 26 1.34 1.01 —0.49 100.5. 95.5 
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Month 
and Year 


June 26 
July 26 

Aug. 26 
Sept. 26 
Oct. 26 

Nov. 26 
Déc. 26 
Jan. 27 

Feb. 27 
Mar. 27 
Apr. 27 
May 27 
June 27 
July 27 

Aug. 27 
Sept. 27 
Oct. 27 

Nov. 27 
Dec. 27 
Jan. 28 

Feb. 28 

Mar. 28 
Apr. 28 
May 28 
June 28 
July 28 

Aug. 28 
Sept. 28 
Oct, 28 

Nov. 28 
Dec. 28 
Jan. 29 

Feb. 29 
Mar. 29 
Apr. 29 
May 29 
June 29 
July 29 

Aug. 29 
Sept. 29 
Oct. 29 

Nov. 29 
Dec. 29 
Jan. 30 

Feb. 30 
Mar. 30 
Apr. 30 
May 30 
June 30 
July 30 

Aug. 30 
Sept. 30 
Oct. 30 

Nov. 30 
Dec. 30 
Jan. 31 

Feb. 31 


-= 
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Harvard Economic Service 


Speculation (A) 


Business (B) 


0.98 
1.14 
0.84 
0.74 
0.99 
0.55 
0.65 
0.82 
0.76 
0.72 
0.76 
0.80 
0.66 
0.78 
0.66 
1.05 
1.20 
0.98 
1.22 
1.23 
0.79 
1.26 
1.82 
1.93 
1.92 
1.38 
1.16 
1.46 


TABLE Al —CONTINUED 


Money (C) 


-SEPTEMBER 1988 
Fisher 
Commodity Stock 
Prices Prices 
100.5 105.0 
98.8 114.1 . 
97.5 127.2" 
97.9 127.2 - 
98.0 117.9 — 
99.7 119.4 
97.3 126.3 
96.0 125.1 ` 
94.4 131.4 
92.9 139.9. 
92.5 147.4 
92.5 156.0 
92.4 164.9 
92.2 174.1 
93.2 186.7 
95.8 207.2 
96.2 209.4 
96.4 216.9 
96.1 245.3 
95.5 260.0 
96.7 263.0 
97.6 295.4 
99.1 339.3 
99.1 369.1 
98.0 358.0 
99.6 365.0. 
99.8 399.4 
99.7 470.4 
98.8 527.4 
97.5 606.3 
97.0 636.4 
97.4 717.0 
97.7 749.5 
98.3 823.8 
97.1 837.9 
95.9 874.6 
96.9 844.6 
98.5 951.3 
97.3 1038.3 
96.0 1132.1 
94.4 998.1 
92.7 719.7 
92.8 735.8 
93.3 731.6 
92.7 808.2 
90.8 885.1 
90.6 985.2 
88.6 921.5 
86.4 NA 
NA NA 
NA . NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
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TABLE Al—CONTINUED 
Harvard Economic Service Fisher 

Month . 3 Commodity Stock 
and Year . Speculation (A) Business (B) Money (C) Prices Prices 
Mar. 31 2.10 — 3.25 — 1.85 ' NA NA 
Apr. 31 > 1.42 -—3.17 — 1.93 NA NA 
May 31 0.39 — 3.45 — 2.96 NA NA 
June 31 0.39 — 3,72 — 3.22 NA NA 
July 31 0.44 — 3.96 — 3.20 NA NA 
Aug, 31 — 0.08 —4,14 — 3.23 NA NA 
Sept. 31 ~ 0,72 — 4.41 ~ 3.12 NA NA 
Oct. 31 — 1.16 — 4,84 — 1.87 NA NA 
Nov, 31 — 1.42 NA — 1.26 NA NA 
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Unemployment in the Soviet Union: 
Evidence from the Soviet Interview Project 


By PAUL R. GREGORY AND IRWIN L. COLLIER, JR.* | 


Unemployment statistics are not published by the Soviet government which claims. 
unemployment was “liquidated” in the early 1930s. An unemployment rate for the 
Soviet urban population during the late 1970s is calculated from a survey of 2793 
former Soviet citizens. Unemployment incidence, multiple spells, and unemploy- 
ment duration by demographic characteristics are compared with U.S. patterns. 
Similar unemployment rates for Soviet men and women and a positive relation | 
between education and unemployment are found. -_ 


In this paper we examine the unemploy- 
ment experienced by former Soviet citizens 
before their emigration to the United States 
between January 1979 and April 1982. In 
1983, the National Opinion Research Center 
administered an interdisciplinary question- 
naire prepared by the Soviet Interview Proj- 
ect to 2793 Soviet immigrants living in the 
United States. The sample was drawn from 
more than 33,000 Soviet’ immigrants using 
selected ethnic, educational, and geographic 
stratification characteristics of the referent 
population—the adult Soviet European pop- 
ulation residing in medium to large cities.” 
About 90 percent of respondents were 


*Department of Economics, University of Houston, 
Houston, TX 77004. Data for this study were produced 
by the Soviet Interview Project supported by. Contract 
No. 701 from the National Council for Soviet and East 
European Research to the University of Illinois, 
Urbana-Champaign, James R. Millar, principal investi- 
gator. The analysis and interpretations of this paper are 
those of the authors, not necessarily-of the sponsors. We 
are grateful to David Granick and Thomas Mayor for 
helpful comments on an earlier version of the paper. We 
also wish to thank two anonymous referees for’ their 
comments and suggestions. 

1See National Opinion Research Center, 1985, for a 
detailed description of procedures. Copies of the 
questionnaire, methodological instructions, codebooks, 
and the Soviet Interview Project dataset are available 
from the Inter-University Consortium for Political and 
Social Research, PO Box 1248, Ann Arbor, MI 48106- 
1248. 

* The Soviet Interview Project General Survey sample 
is discussed in Barbara Anderson and Brian Silver, 
1987a. The Soviet referent population is analyzed by 
Anderson and Silver, 1984, and Anderson, Silver, and 
Robert Lewis, 1986. The issue of response effects is 
considered in Michael Swafford et al., 1987. 
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Jewish. The respondents reported on their 
political, social, cultural, and economic ac- 
tivities during the last five years of normal 
life in the Soviet Union before ‘the emigra- 
tion decision. For most respondents, this last 
normal period occurred sometime’ during 
1974-1980. ? 


I. Unemployment in the Soviet Economy | 


‘Unemployment statistics are not pub- 
lished by the Soviet government which claims 
unemployment was “liquidated” in the early 
1930s.4 However knowledgeable Western ° 
observers agree that the Soviet labor, market 
shares many of the characteristics of West- 
ern labor markets, including unemployment:° 
While official Soviet statistics do not publish 
such data, specialized Soviet monographs re- 
port data on turnover rates, job separations, 
quits, firings, and duration between jobs.° 
Thus at any time there are Soviet workers 
who would be counted as unemployed 


*For 89 percent of the respondents, the end of the 
last normal period occurred during the period 1978-80. 
The mode of the distribution of end points of the last 
normal period occurs in 1979 (42. percent), hence our 
identification of the years 1974-79 as the approximate 
reference period for the unemployment rates we have 
calculated. ° 

“See R. W. Davies, 1986; Davies anc S. G, 
Wheatcroft, 1986; and Judith Shapiro, 1987. 

See, for example, David Granick, 1987a; b; Abram 
Bergson, 1964, ch. 6; and Gur Ofer and Aron A INOKUG 
1981. i 
These surveys are summarized in Granick, 1987a 
and A. E. Kotliar, ed., 1983, for example, pp. 57-8. 


panapana re 
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according to the official U.S. definition—not 


employed, actively looking for a job, and 


currently available for work. 

Institutional peculiarities of Soviet labor 
markets could affect the extent and the pat- 
tern of unemployment. Soviet citizens are 
subject to antiparasitism laws. With very 


few exceptions jobless workers do not re- 


ceive unemployment compensation.’ Privi- 
leges, not otherwise available through (legal) 
market transactions, can account for a large 
proportion of compensation. College grad- 
uates are administratively assigned to their 
first jobs. Soviet enterprises operate in a 
“job rights” economy in which workers 
acquire a form of job tenure through an 
implicit social contract.® Even in the absence 
of job rights, Soviet managers would be re- 
luctant to dismiss low productivity workers 
since enterprise performance is judged on 
plan fulfillment (meaning in the first in- 
stance achieving quantity targets) and Soviet 
enterprise managers operate in tight labor 
markets. | 

Soviet labor economists characterize spells 
of joblessness as relatively brief, voluntary 
interruptions of employment. Should the 
spell become protracted, it is presumed that 
the worker is unwilling to accept a reason- 
able job offer.” In fact, the zero percent 
unemployment rates officially claimed by the 
Soviet government are the consequence of 
refusing to count individuals as unemployed 
who might have or are presumed to have job 
offers.'° 


II. Measuring Soviet Unemployment from 
the Soviet Interview Project Sample 


As a one-time retrospective survey, the 
Soviet Interview Project gathered unemploy- 


"For minor exceptions, see Granick, 1987b. 

The institutional peculiarities of the Soviet labor 
market are discussed in Philip Hanson, 1986, and Nick 
Lampert, 1986. The job rights terminology is developed 
in Granick (1987a). 

To quote from a leading Soviet work on this sub- 
ject: “Under conditions of socialism, the condition of 
being without work (nezaniatost’) is not a synonym for 

‘unemployment.’ It means only an interruption of work 
caused by reasons of a private character (family, cir- 
cumstances, changes of location).” Kotliar, 1983, p. 9. 

i0 Davies and Wheatcroft, 1986, pp. 36-49. 
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ment information differently from Western 
unemployment surveys. The first difference 
is the relatively long reference period of five 
years——the last five years of normal life in 
the Soviet Union. The U.S. Current Popula- 
tion Survey (CPS), in contrast, uses a one- 
week reference period. For a sample of less 


than three thousand respondents with a low 


incidence of unemployment, the longer refer- 
ence period is required to collect a sufficient 
number of spells for analysis. . 

A second difference is the retrospective 
nature of the Soviet Interview Project survey. 
The CPS targets current labor force activity. 
Closer to the spirit of the Soviet Interview 
Project is the annual U.S. Work Experience 
Survey (WES) which asks about labor force 
activity during the preceding year.'' Some 
Soviet Interview Project respondents were 
expected to recall events that took place a 
decade or more before the interview whereas 


WES respondents are asked to recall experi- 


ences only two to fourteen months after the 
event. The Soviet Interview Project’s five-year 
reference period raises the question of recall 


-bias which is discussed below.. 


The final important difference is that the 
Soviet respondents were asked about only 
those unemployment spells of one month or 
longer duration.!? The unemployment data 
for both the CPS and WES include all unem- 
ployment spells. The truncation at one- 
month duration was selected for two rea- 
sons: 1) one month corresponds roughly to 
the dividing line between short- and long-run 
unemployment in U.S. statistics (five weeks), 
and 2) a monthly partition was expected to 
capture “salient” spells of unemployment 
and minimize recall problems (compare the 
discussion of the work of George Akerlof 
and Janet Yellen below.) 

Unemployment histories of Soviet Inter- 


view Project respondents were gathered 


H! For 1969 and 1976, see U.S. Department of Labor, 
1971, 1977. 

"For the remainder of, the paper all mention of 
Soviet unemployment rates, incidence, spells, and dura- 
tion refers exclusively to one-month-or-more spells of 
unemployment. 


& 
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through a series of three questions: 


During the 5 years before the end of 
the last normal period,’ was there any 
time that you were unemployed when 
you looked for a job but couldn’t find 
a job for at least 30 days? - 

Yes or No. 


For those answering yes, 
questions were asked: 


two follow-up 


How many times were there during 
those five years? _ 
Number of instances. 


The last question of the series was: 


When was that time (tha a the last such) 
time before the end of the last normal 
period? 

From: month and year. 

To: month and year. 


From responses to these three questions, 
the unemployment rate of the Soviet Inter- 
view Project sample was calculated accord- 
ing to the following formula: 


(1) U= (tX N xX AD) /60, 


where U is the average unemployment rate 
for a five-year period; 

t is the percent of respondents not 
out of the labor force for reasons 
of retirement, health, or full-time 
study who report at least one un- 
employment spell; 

N is the average number of unem- 
ployment spells for those respon- 
dents reporting spells; 


The end of the last normal period was established 
by answers to earlier questions: 1. “When did you first 
apply for an exit visa?”; 2. “Because of your plans did 
your life change significantly before [the date of your 
application]?”; if yes, 3. “What was that date?” The end 
of the last normal period for each respondent was 
defined as the month preceding the date given in re- 
sponse to the last question. If no significant change had 
occurred in the respondent’s life as a consequence of 
planning to apply for an exit visa, then the month 
preceding the application date (the first question) was 
defined as the end of the last normal period. 
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AD is the average duration of unem- 
ployment spells; 

60 is the number of months in a 
five-year period. 

The expression in parentheses is the aver- 
age number of months in a five-year period 
that an average respondent 1 in the labor force 
was unemployed.'4 


Ill. Reliability, Biases, and Adjustments 


A spell of one-month-or-more unemploy- 
ment over the five years of the last normal 
period is a relatively rare event among Soviet 
Interview Project respondents. We examined 
each case of reported unemployment for reli- 
ability, consistency, and plausibility. After 


the raw data were checked to remove incor- 


rect or inconsistent responses,’ only 160 of 
the 2793 respondents reported any spells 
during the five-year period. The process of 
sifting through the individual cases revealed 
many of the recall and reporting problems 
typical of retrospective data.° Moreover, 
minor adjustments had to be made for un- 
employment spells that overlapped either the 
beginning or the end of the.five-year period. 
The removal of cases of over-reporting 
eliminates most of the upward bias in the 
reported number of unemployment spells and 
their duration. However, significant uncor- 
rected biases remain which run in the oppo- 
site direction. It is not possible to detect 


4Darallel to U.S. labor force statistics, we have de- 
fined the state of being in the labor force as either being 
employed or unemployed. 
These adjustments are described in the Appendix. 
For example, several respondents mistakenly re- 
ported unemployment spells which had occurred before 
the last five years of normal life in the Soviet Union. 
The tendency to overstate the total number of events 
occurring during a time interval (sometimes out of a 
desire to “please” the interviewer) is called “ telescop- 
ing.” See the discussion in Akerlof and Yellen, 1985, pp. 
757-8. A few respondents apparently confused the state 
of not being in the labor force with unemployment—for 
example, one woman in her sixties who claimed 60 
months of unemployment during the five years of the 
last normal period. The interested reader is referred to 
the Technical Appendix of our Soviet Interview Project 
working paper, Paul Gregory and Irwin Collier, 1987. 
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respondents who failed to report unemploy- 
ment spells either due to recall problems, a 
misunderstanding of the question, or other 
reasons.'’ Because of this asymmetry be- 
tween our ability to adjust for over-reporting 
and to detect underreporting, we believe that 
unemployment spells for the Soviet In- 
terview Project sample are underreported: 
Therefore unemployment rates calculated from 
Soviet Interview Project data displayed in Ta- 
bles 1 and 4 represent lower bounds for the 
true unemployment rates. 

‘Comparisons of CPS and WES unemploy- 
ment rates provide an approximate lower 
bound on the amount of retrospective under- 
reporting of unemployment. U.S. respon- 
dents tend to filter out “nonsahent” unem- 
ployment spells, causing unemployment rates 
calculated from retrospective data to under- 
state unemployment.!® Akerlof and Yellen, 
1985, found unemployment rates from the 
retrospective WES 10 percent below the 
rates from contemporaneous surveys. Fran- 
cis; Horvath’s, 1982, study for the decade 
1969 to: 1979 yielded a 19 ‘percent under- 
statement for tEttospecuvg nnemployment 
surveys.!? . 

Soviet Interview Project jespondents had 
to define for themselves the state of unem- 
ployment and could have easily failed''to 
recognize spells associated with entry or re- 
entry into the labor force or finding a job 
after. completing formal: education. Because 
the interviews were conducted with a longer 


“Survey research generally finds that reported occur- 
rence rates of past events decline as the reference period 
_ is lengthened. See Seymour Sudman and Norman 
Bradburn, 1973, cited in Akerlof'and Yellen, 1985, p. 
756. With a five-year recall period, the degree of under- 
statement of: unemployment spells-by Soviet Interview 
Project respondents could be quite high. Research by 
Anderson and Silver, 1987b, on responses by pairs from 
the same household reveals that Soviet Interview Project 
respondents have excellent recall of objective factual 
information. However, they find less agreement on 
questions where, concepts are complex.' The ‘accurate 
recall of objective factual data, while encouraging, does 
not establish that the recall of i a daa spells will 
be equally accurate. l 

“Akerlof and Yellen, 1985, and Francis Horvath, 
1982. = a 
Horvath, 1982, p. 41. 
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time lapse between the reference period and 
interview date and covered a longer refer- 
ence period, we expect that Soviet Interview 
Project underreporting of unemployment 
spells. would be greater than the 10 to 19 
percent underreporting found in U.S. retro- 
spective surveys. 


IV. Soviet Interview Project Unemployment 
Rates and Patterns 


Table 1 reports sample frequencies of un- 
employment spells, average number of spells, 
average duration of unemployment, and ‘un- 
employment rates for the Soviet sample and 
for demographic subgroups. The most im- 
portant assumptions underlying the calcu- 
lated unemployment rates (described in the 
Appendix) are that the labor force participa- 
tion rate at the end of the last normal period 
is representative of the whole five-year period 
and that the duration of the. last spell is 
typical of previous spells for the relatively 
few respondents with more than one spell. 

Table 1 shows that 8.2 percent of respon- 
dents in the labor force experienced spells of 
unemployment during the five-year period. 
Of those who experienced unemployment, 
the average number of spells was 1.6, and 
the average duration of a spell was 4.8 
months. Using equation (1), the average re- 
spondent in the labor force was unemployed 
.63 months over ‘a five-year period for an 
unemployment rate of 1.1-percent. If we 
apply the U.S. correction factors for retro- 
spective data (10 to 19 percent), the esti- 
mated unemployment rate would increase to 
1.2-1.3 percent. For reasons mentioned 
above, we regard the 1.2-1.3 percent figure 
as a reasonable lower ‘bound for the “true” 
Soviet Interview Project unemployment rate. 

We see from Table 1 that Soviet Interview 
Project unemployment rates are inversely as- 
sociated with age and positively related to 
the level of education. They do not appear to 
be strongly affected by the respondent’s sex. 
Equation (1) allows us to decompose the 


20 Nonetheless in Table 5 below we simply use the 
10-19 percent adjustment for memory decay. 
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TABLE 1—ONE-MONTH-OR~MORE UNEMPLOYMENT RATES 
BY GENDER, AGE, AND EDUCATIONAL ATTAINMENT, 1974-79 


Soviet Interview Project 


3 Average 
Percent of Number of 
* Labor Force Spells for 
Beronek - with at Least Respondents Average Estimated 
Reporting One Spell of Reporting Duration Unemployment 
Unemployment® Unemployment Unemployment of a Spell Rate 
Number — in last 5 Years (Spells/5 years) (Months/Spell) (in percent) 
All Respondents 160 - 8.2 1.6 4.8 1.1 
By Gender i - 
Men 84 8.8 1.8 44 1.1 
Women 76 8.0 1.4 5.4 1.0 
By Age at Last Spell 
18-24 28 26.8 1.3 6.0 3.5 
25--34 76 11.5 1.8 4.1 1.5 
35-49 36 4.7 1.4 4.3 0.5 
50+ 20 2.6 2,2 4.0 0.4 
By Educational Attainment 
Attestat or Less . 23 4.7 1.8 4.6 ` 0.7 
Some Secondary 45 8.0 1.6 43 0.9 
Any University 92 10.8 1.6 5.1 1.5 


“Age of respondent at the end of last normal period. 


unemployment rates into incidence and 
duration factors: The higher unemployment 
rates of young respondents are due to a 
much: ‘higher frequency of unemployment 
spelis (26.8 percent of ages 18-24 had at 
least one spell versus 4.7 percent of ages 
35-49) and to longer-duration spells . (6.0 
versus 4.3 months). These two effects are 
offset somewhat by a lower proportion hav- 


. ing multiple spells. The higher unemploy- 


Ri 


ment rates of the university educated are the 
result of a.higher incidence of spells (10:8 
percent for university-educated versus 4.7 
percent for high-school graduates or less) 
and a slightly higher average duration of 
spells (5.1 versus 4.6 months). The slightly 
lower incidence of spells for women (8.0 
percent versus 8.8 percent for men) offsets 
their longer duration (5.4 versus 4.4 months 
for men) to yield similar unemployment rates 
for men and -women. i 

The one-way relationships between unem- 
ployment and any single demographic factor 
seen in Table 1 could be misleading since 
other demographic factors are not held con- 
stant. Regressions of unemployment- inci- 


dence, number of spells of those repo-ting — 


spells, and duration of last completed spell 
on demographic characteristics are reported 
in Table 2.74 

Sample selection for the probit regression 
(column A) was based upon the Soviet Inter- 
view Project’s Life History Chart described 
in the Appendix. If a respondent worked for 


Hin our decomposition of unemployment rates 
according to ‘the factors of equation (1), we assumed 
that the labor force participation rates at the end of the 
last normal period (for which we have very good data) 
are representative of the entire five-year perioc. This 
procedure is appropriate for computing the averages in 
Table 1 but not the same as the sample selection 
procedure for the incidence probit regressions described 


' in our notes to Table 2. The careful reader is assured 


that the apparent discrepancy between the Table 1 
figure, 8.2 percent of the labor force reporting at least 
one one-month-or-more spell, and the implicit propor- 
tion of 6.2 percent (obtained by dividing the 1€0 cases 
reported in Table 1 by the sample size of 2331 at the 
bottom of column A in Table 2) merely reflects the 
necessity of using different procedures for the two ta- 
bles. The two sources of Soviet Interview Projec: survey 
data on respondent employment experience are de- 
scribed more fully in the Appendix to the paper. 


r : 7 - f 
a a 
i ’ : 
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TABLE 2—PROBIT AND REGRESSION ANALYSIS OF INCIDENCE, FREQUENCY, 
AND DURATION OF SOVIET UNEMPLOYMENT SPELLS 


A 
Experienced 
` Unemployment 
Dependent Variable: (0 = No, 1 = Yes) 
Type of Analysis: Probit 
Independent Variables: 
Sex of Respondent ~ 124 
Male = 0, Female =1 (.083) 
Age of Respondent — 030° 
End of LNP in Years (.004) 
Age at Last Spell Dummies 
1 = 25 Years and Above 
l= 35 Years and Above 
1 = 50 Years and Above . 
Educational Attainment: 
‘1 = Some Secondary 261° 
Specialized (.133) 
1 = Any University 428° 
(.122) 
| Constant Beg i 4.457 . 
(.195) 
Cases (N): 2331 
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B C ; D 
Number of SEEE 
Spells Multiple Spells Duration of 
Reported (0 = Single Spell, Last Spell 
(1,2,3, ete.) 1 = Two or More) (Months) 
Linear Probit Linear 
Regression Regression 
—.128 — 463° .755 
(.193) (.277) (.920) 
2717 318 —2.50° 
(224) © (328) _ (207) 
— 140 ~080 9 557 
(.269) (.372) (1.273) 
1.263° . 1.00° i —.112 . 
(.432) (.576) _ (2.026) 
.214 .114 — 261 
(363) - (546) (1.72) 
.092 146 1.12 
(342) (.510) (1.62) 
`1.184° ` 4,105° 5.38° 
. (344) | (.514) E (1.63) 
13 40 117 


Notes: Estimated standard errors in parentheses. Significance levels::* =10 percent,.° = § percent, © =1 percent. The 
interpretation of the dummy variables for age-groups is the following: coefficients of these dummies reflect the. 
differential effect of being in a specific age-group as compared to the immediately j junior age-group. For example, a 
46-year-old respondent would be assigned the age-group dummies 1,1,0 for the age-groups 25+ years, 35+ years, 
and 50+ years, respectively. The interpretation of the dummy variables for educational attainment coefficients of 
these dummies reflect the differential effect of advanced training of either secondary specialized education or 
university education compared to having attained a level of education equal to the attestat or lower. A complete 
description of the coding of educational attainment is given in the Appendix. x 


pay, including military service, for at least 


six months in a row during a year, that 


person was coded in the Life History Chart . 


as “employed” during that year. If less than 
half the year was spent working for pay, 
then the entire year was coded “not.em- 


ployed.” The responses were so coded dur- - 


ing the original interview and it is. impossible 
to obtain a finer breakdown. This is insuffi- 
cient for allocating a tespondent’s time dur- 


ing the last normal period into different labor 
force states, for example, ‘all unemployment 
of less than six months cumulative duration 
during one calendar year would still have 
resulted in a Seana of ‘ aupleyed: for 
that year. 

To: analyze the Dadine of a spell of 
one-month-or-more unemployment for a 
labor force participant during the last normal 
period, we are forced to classify respondents 
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as either “in the labor force” or “out of the 
labor force” for the entire last normal period. 
For the probit sample, we included only 
respondents with approximately similar labor 
force participation during the last normal 
period.”* Our criterion for including cases 
for the probit analysis of spell incidence was 
that at least 70 percent of a respondent’s last 
five years of the last normal period was 
spent in the labor force (employed or unem- 
ployed). 

The probit regression on incidence (col- 
umn A) supports the Table 1 patterns: 
Younger respondents and college-educated 
respondents have a higher incidence of un- 
employment ceteris paribus. Holding age and 
education constant, women may (a t-value 
of 1.5) have a lower incidence of unemploy- 
ment. The regressions on multiple spells 
(column B) fail to yield conclusive ceteris 
paribus patterns except for older respon- 
dents (50 years and older) having a higher 
frequency of multiple spells. Although Table 
1 suggests that men and léss-highly educated 
respondents have more multiple spells, these 
results are not confirmed by multiple regres- 
sion. 

From Table 1 alone, one cannot say to 
what extent the multiple-spell results are due 
to the small number of people reporting 
multiple unemployment spells. For the re- 
gression reported in column C, we divided 
respondents (who experienced ‘unemploy- 
ment) into those with a single spell ( = 0) 
and those with multiple spells (=1). As the 
probit regression shows, older respondents 
(50 years and older) are more likely and 


2 For example, consider a young person who com- 
pleted education during the first three of the five years 
in the last normal period, followed by only two years of 
labor force activity. If during those remaining two years 
a spell of unemployment occurred, the incidence of 
unemployment is really much higher than it is for 
someone who experienced unemployment but who spent 
the entire five years of the last normal period in the 
labor force (1 speli/two years >1 spell/5 years). 

Specifically, our sample for the probit regression 
includes respondents: for whom the sum of the number 
of “employed” years out of the last five years (in the 


sense of the Life History Chart) and months in a long - 


(six-months-or-more) ‘unemployment spell exceeded 
three and a half years. 
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women are less likely to have multiple spells. 
By dealing with multiple spells in a dichoto- 
mous manner, the negative effect of gender 
(being a woman) on multiple spells is 
strengthened. 

The regressions on duration of unemploy- ` 
ment spells (of those reporting unemploy- 
ment) show that young respondents (under 
25 years of age) have longer spells of unem- 
ployment than workers 25 and over. Al- 
though Table 1 suggests women have a longer 


duration of unemployment, regression D in 


Table 2 does not support that conclusion. 

The regressions of Table 2 reveal the rea- 
sons for younger. workers. having higher un- 
employment rates. They are more likely 
to have at least one spell of unemploy- 
ment, and the duration of the spell is longer 
ceteris paribus. College-educated workers 
have higher. unemployment rates simply be- 
cause they are more likely to have experi- 
enced an unemployment spell. There are no 
significant differences in multiple spells and 
duration of spells according to education 
levels. 

It is possible to use the regression coeffi- 
cients reported in Table 2 (columns A, B, 
and D) to obtain an exact algebraic break- 
down of the effects of gender, age, and edu- 
cation on the unemployment rate through 
their effects on unemployment incidence, 
number of spells, and spell duration. Pre- 
dicted values of incidence, number of spells 
and duration for 24 groups cross-classified 
by sex, age-group, and educational ‘attain- 
ment (2 by 4 by 3 classification) were calcu- 
lated.” Next synthetic unemployment rates 
for the 24 groups were then calculated using 
equation (1). Taking logs of both sides of 
equation (1) we have 


(2) In(U) =In(t)+In(N) 
+In( 4D) +1n(1/60). 


Eor the probit regression of incidence we used 22, 
30, 42, and 55 years for the < 25 years, 25-34, 35-49, 
and 50 < age-groups, respectively. Predicted incidence- 
was calculated as ®( XB —5),-where X is the matrix of 
independent variables, B are the coefficient estimates 
from column A of Table 2, and ®(_ ) is the cumulative 
standard normal distribution function. ' 


kos 
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TABLE 3—— EFFECTS OF GENDER, AGE; AND EDUCATION ON UNEMPLOYMENT RATES, 
INCIDENCE, NUMBER OF SPELLS AND SPELL DURATION 


Dependent Variable: Natural logarithm of 


Unemployment 
Rate 

Female —.142 
25+ Years —.738 
35+ Years —.633 
50+ Years — 237 
Some Secondary 

. Specialized Education 598 
Some University — 1.149 
Intercept — 4.526 


Number. of | 
Incidence Spells Duration ` 
— .240 ~— 084 182: 
— 397 .206 —.547 
—.685 — 099 .151 
—.868 .660 — .029 
528 139 — .069 
836 062. 251 
— 2,244 ATL 1.641 


Note: The coefficient for an independent variable listed in the unemployment rate 
regression is equal. to the sum of the last three coefficients in the same row. The- 
intercept in the unemployment rate regression also includes 1n{1/60) = — 4.094. For 
interpretation of dummy variables see the notes to Table 2. 


Each of the transformed variables of (2) 
were separately regressed on the same matrix 
of sex, age-group, and educational attain- 
ment dummies for the 24 groups. As can be 
readily verified by examining the rows of 
Table 3, the sum of the coefficients for a 
particular dummy variable in the incidence, 


number of spells, and spell duration regres- - 


sions is. exactly equal to the corresponding 
coefficient in the Syniheng unemployment 
rate regression.” 

The coefficients apesenied’ in Table 3 sup- 
plement both Tables 1 and 2. The first col- 
umn of Table 3 provides information on the 
relative impact of gender, age, and education 
(this time ceteris paribus) on the Soviet un- 
employment rate..Comparing the coefficients 
in the first column of Table 3, we confirm 
that the impact of gender on the Soviet 
unemployment rate is relatively minor. We 


*° This decomposition is similar to that used by Orley 
Ashenfelter and John Ham, 1979, to show the effect of 
schooling on earnings, unemployment, and wage rates 
for a sample of U.S. white males. Ashenfelter and Ham 
were able to run their regressions on individual observa- 
tions. It is necessary for us to run regressions on grouped 
data because. 1) our data are inadequate to calculate 
unemployment rates for the individual respondents, and 
2) grouping the data keeps: the variables of formula (1) 
strictly positive G.e., no zeros); which permits the log 
transformation in equation (2). - 


are also able to confirm the relatively strong 
(negative) effect of age and (positive) effect 
of increased educational attainment found in 
the one-way breakdowns of the unemploy- 
ment rate in Table 1. Comparing the signs of 
the coefficients in the last three columns in 
Table 3 with the breakdowns of Table 1, one 
finds overwhelming agreement. The only sign 
reversal is for the minor drop in the number 
of spells associated with higher educational - 
attainment in Table 1. This is not particu- 
larly important since the estimated coeffi- 
cient of increased educational attainment in 
the regression on the number of spells was 
statistically insignificant.. 

Table 3 is also interesting because the 
effects of each factor on‘ incidence, number 
of spells, and spell duration have been 
rendered comparable. For example, moving 
from the 25 years-and-older category to the 
35 years-and-older category reduces the un- 
employment rate (a coefficient of — .633). 
This negative coefficient is “explained” by 
the lower incidence associated with the older 
age category (— .685), offset somewhat by a 
slightly longer spell duration (.151). The sub- 
stantially higher unemployment associated 
with some university education is “ex- 
plained” primarily by the higher incidence of 


_ unemployment of those having received some 


university education, augmented by a some- 
what longer duration of completed spells. 
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The major conclusion to be drawn from 
Table 3 is that unemployment rate dif- 
ferences across subgroups of the sample are 
accounted for primarily by differences in 
incidence rather than by differences in the 
number or duration of spells. 


YV. Comparisons with U.S. Incidence and 
Duration Data 


Comparisons of Soviet unemployment pat- 
terns with those. of industrialized capitalist 
countries shed light on unemployment under 
radically different institutional settings. 
Table 4 provides comparable Soviet (1974- 
1979) and adjusted U.S. (1967-1977) data 
on one-month-or-more unemployment inci- 
dence, duration of completed spells, and un- 
employment rates by age and sex. We pre- 
sent data for white Americans because of the 
homogeneity of the Soviet Interview Project 
sample (urban residents from European Rus- 
sia; 90 percent Jewish). We are only able to 
provide directional information for educa- 
tion. Although we have not been able to 
make comparable adjustments to unemploy- 
ment statistics broken down by demographic 
groupings for other major capitalist coun- 
tries, available evidence indicates that U.S. 
patterns are shared by other countries.” 


A. Unemployment and Age 


‘Mature workers in both the Soviet and 
U.S. labor markets have lower unemploy- 
ment rates than young workers. In both cases 
this is accounted for by younger workers 
having a higher incidence of unemployment 
spells. While for American workers there is a 
gradual upward. trend in the duration of 
completed spells with age, we do not find 
such a positive association between the dura- 


tion of completed spells and age for the - 


é Compare Wolfgang Franz and Heinz König, 1986, 
for West Germany as well as the other papers from a 
1985 conference on unemployment edited by Charlie 
Bean, Richard Layard, and Stephen Nickell, 1986. A 
valuable collection of statistics on the distribution of 
unemployment by duration of interrupted spells and 
demographic groups can be found in OECD, 1986, pp. 
74-77. 
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Soviet Interview Project sample—indeed, we 
find a significantly longer average duration 
for workers under the age of 25. 

Given the elaborate Soviet administrative 
machinery for placing young people in jobs,” 
our finding of a relatively higher unemploy- 
ment incidence (and longer duration) for 
younger Soviet workers was not entirely an- 
ticipated. The greater use of official place- 
ment for young workers in the Soviet Union 
is apparent in Table 5. For young workers it 
is the second most important source of find- 
ing jobs, but it is of little importance for 
mature workers. While young and mature 
U.S. workers use basically the same job- 
search methods, young Soviet workers find 
their jobs through official “matchmaking” 
and mature Soviet workers primarily use 
private matchmaking (networking). Further- 
more, “job search” seems better to char- 
acterize U.S. workers (who to a very large 
extent find jobs by directly contacting em- 
ployers). The main point here is that Soviet 
official placement has not completely offset 
the strong tendency of young people to have 
a higher incidence of unemployment (due to 
less experience at finding jobs and “shop- 
ping for jobs” associated with career search). 


B. Unemployment and Gender 


In the Soviet sample, men and women 
have very similar unemployment rates. While 
the Table 2 coefficients indicate higher inci- 
dences and shorter spell duration for men, 
neither result is particularly significant (t- 
statistics of —1.5 and .82, respectively).”® 
This basic similarity in the unemployment of 
Soviet men and women contrasts with U.S. 
experience. U.S. women have higher one- 
month-or-more unemployment rates than do 
U.S. men (Table 4). The decomposition of 
the unemployment rates into incidence and 
duration components shows that U.S. wom- 
en have a higher incidence of spells than 
men, but about the same average duration. 


On this, see Nick Lampert, 1986. ` 

#US. Department of Labor, 1977, p. 24, and Table 
3 show that men have a greater frequency of multiple 
spells than do women in both the United States and the 
Soviet Union. 
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TABLE 4—~ PATTERNS OF UNEMPLOYMENT BY AGE AND SEX, ONE-MONTH-OR-MORE 
SPELLS FOR THE UNITED STATES (WHITE ADULTS, 1967—77) AND THE USSR 
(SOVIET INTERVIEW PROJECT, 1974-79) 


Incidence E 
, (Monthly Spells Average Unemployment 
per 100 Members Duration l Rate 
of Labor Force) (Months (Percent) 
United United United 
USSR States USSR States USSR States 
Total -23 1.3 4.8 3.1 1.1 3.9 
Men .28 14 4.4 3.1 1.2 3.5 
Women .19 r5 5.4 , 3.0 10 ` 4.5-4.6 
18—24 Years .59 6.0 3.5 
25-34 Years 35 41 1.5 
35-49 Years E 3 43 : 5 
50+ Years 14 a 4.0 5 
` 16-19 Years 3.4-3.6 2.6 8.9-9.4 
20—24 Years 2.1 3.1 6.4 
25-59 Years A 9 3.2 2.9 
60+ Years 7 3.9 i 2.8 


Source: USSR, calculations from Table 1 with incidence figures converted to an annual basis. U.S. figures estimated 

by authors using transition probabilities for demographic groups estimated from CPS gross flows data by Ronald 

Ehrenberg, 1980, and official CPS data on employment and unemployment. The adjustment procedure to exclude 

completed spells of less than one-month duration for U.S. unemployment statistics is described in the Technical 
! Appendix of Gregory and Collier, 1987, pp. A17—A27. 


TABLE 5— JOB SEARCH METHODS USED By YOUNG AND MATURE WORKERS 
OF THE SOVIET INTERVIEW PROJECT (SIP) SAMPLE AND 
. UNEMPLOYED U.S. WORKERS (PERCENT) 


Young Workers Mature Workers 
USSR United States USSR United States 
(SIP) (SIP) 
Respondent Inquired 11 49 15 41 
at Enterprise /Institution 
Told About Vacancy by 52 9 63 10 
Friend /Relative /Teacher 
Public Announcement or 10 19 14 19 .- 
_ Advertised at School 
Official Placement* 26 19 n 25 
Other ge 3 re 
100 100 106 100 


Source: Soviet Interview Project General Survey; U.S. Department of Labor, 1983, p. 
84. For the United States “young workers” are 19—24 years of age and mature workers 
are those aged 35-54. . | 

“For SIP “official placement” includes the responses “did practicum/special train- 
ing there,” “komsomol placement,” “was invited/recruited,” and “military commis- 
sion.” 
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To explain the similar rates of male and 
female unemployment in the Soviet Union, 
one needs to explain the relative (i.e., com- 
pared to U.S. women) lack of movement 
between labor force states by Soviet women. 
U.S. women move in and out of the labor 
force with greater frequency than men. In 
contrast Soviet women appear to have less, 


certainly no ` greater, movement between - 


labor market states than do Soviet men.” 


Soviet women have been subject to anti- 
parasitism laws as have men.. Even mothers 
with young children have the obligation to 
work outside the home. This has fostered 
an attitude that complete specialization in 
household production is simply not a legit- 
imate option. Moreover, Soviet women must 
carry out household production in a world 
of disequilibrium prices (including substan- 
tial queuing time). Soviet women deal with 
disequilibrium by “stealing” relatively more 
time from their jobs than men.” Stability in 
household production therefore depends on 
informal understandings worked out be- 
tween the female employee and her im- 
mediate superior for taking time off from 
work for personal business. Each job change 
would require a Soviet woman to establish a 
new set of “implicit contracts.” 


C. Unemployment and Education 


The most striking contrast between Soviet 
and U.S. unemployment patterns is the posi- 
tive relationship between education and un- 
employment in the Soviet Union and the 
negative relationship found in the United 
States. We do not have comparable one- 
month-or-more unemployment data by level 
of education for the United States, but the 
available evidence indicates that highly ed- 
ucated American workers have a lower inci- 
dence of unemployment, fewer multiple 
spells, and about the same duration of com- 
‘pleted unemployment spells.” In contrast, 


poet the paper by Elizabeth Clayton, 1986. 
See Gregory, 1987. 
These conclusions come from the Work Experience 
Survey series which show incidence, multiple spells, and 
duration by detailed occupations. Occupations that re- 
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highly educated Soviet workers have a higher 
incidence of unemployment and (possibly) 
longer duration spells. 

The inverse relationship between educa- 
tion and unemployment in the United States 
has not been dealt with satisfactorily in the 
literature. It is not our task to explain the 
inverse U.S. relationship. More important is 
an explanation for the observed positive re- 
lationship between education and unemploy- 
ment in the Soviet Union. 

Several factors can be advanced to explain 
the positive relationship between education 
and unemployment in the Soviet Union. 
First, higher-education graduates in particu- 
lar are administratively assigned their first 
jobs. Presumably this official placement sys- 
tem is less likely to produce a successful 
match between employee and employer than 
one allowing greater choice by job candi- 
dates. University graduates are often as- 
signed to remote regions, whereas public 
school graduates usually expect to stay in 
their hometowns. Upon fulfillment cf the 
formal obligations of the first placement, the 
university graduate’s search for the next job 
will require turning to less formal networks 
of job information.** As these young workers 
hunt for new jobs which more closely match 
their preferences (especially geographic pref- 
erences), they are forced to turn to unofficial 
channels. Second, there is evidence that 
Soviet authorities have overinvested in hu- 
man capital, thereby creating a mismatch 
between the number of college graduates 
and the number of jobs available.** 


quire higher levels of education consistently show lower 
incidence and fewer multiple spells. The CPS unem- 
ployment series also points to an inverse relationship 
between unemployment and education in the United 
States. 

*For an American journalist’s account of the place- 
ment process (raspredeleniie) and its significance for the 
individual graduate awaiting job placement, see David 
Shipler, 1984, pp. 163-79. 

Granick, 1987a, b presents evidence of overinvest- 
ment in human capital. For a survey of the allocation 
mechanisms for labor in the Soviet Union, see Gregory 
and Robert Stuart, 1986, pp. 226-38. 


et lar A 
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Vi. Unemployment Rate of the Referent 
Soviet Population 


We turn from demographic patterns of 
unemployment to international comparisons 
of national unemployment rates. To detect 
patterns of unemployment, it was not neces- 
sary for the Soviet Interview Project sample 
to have distributions of demographic. char- 
acteristics identical to the referent -Soviet 
population. However, care must be taken 
when inferring the unemployment rate of. the 
referent population. Only if the Soviet Inter- 
view Project sample and the referent popula- 
tion had identical distributions with: respect 
to the characteristics relevant to unemploy- 
ment would the rate be representative of the 
referent Soviet population (allowing for sam- 
pling error). The age and gender distribu- 
tions of the Soviet Interview Project sample 
are virtually identical to the referent popula- 
tion, but the sample is more highly educated 
than the referent population.** Therefore one 
must calculate a hypothetical unemployment 
rate imposing the educational distribution of 
the referent population on the Soviet Inter- 
view Project sample. Such a calculation 
(which includes an adjustment for memory 
decay) gives a 1.2 percent unemployment 
rate for the referent Soviet population which 


34The Soviet Interview Project (SIP) and referent 
population age, gender, and education distributions are 
as follows: 


Referent 
Soviet 


A. By Age, percent SIP Population 


(SIP age 


upon arrival) . 21-30 years 21.6 24.7 


31-40 25.6 25.9 
41-50 21.2 21.5 
51-60 ` 15.7 15.4 
61 and over 15.9 12.40 
100 100 
B. By Sex, percent 
Men 43.4 44,3 
Women 56.6. 55.7 
: 100 100 
= C. By Educational attainment, percent 
Any higher education 41.9 27.3 
Some secondary specialized 
or attestat 49.7 40.6 
Lower than ` l l . S 
attestat- - . . 17.4: 31.1 
100 100 
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we have entered in Table 6.” ‘This exercise 
shows that the effect of reweighting is small 
and confirms that recall biases are more seri- 
ous than sample bias. The residual uncer- 
tainty of our estimate is whether being Jewish 
affects the. probability of unemployment in- 
dependently of other factors for which we 
are. able to control. Respondents may have 
been more: sensitive to antiparasitism laws 
and have greater. concern for a.record of 
uninterrupted: employment. However, being 
Jewish may have made them more. vulner- 
able: to arbitrary firings as well. Without a 
truly random sample from Soviet society, 
there is no way to. determine the net effect of 
these two distortions. In our view, it is un- 
likely that: a “pure Jewish distortion” (if 
present at all) would work to. substantially 
alter the Soviet a a rates calcu- 
lated in 1 this paper: 


‘Vil. Previous Estimates of Soviet `- 
eee 


Previous attempts to estimate Soviet un- 
employment rates, Peter Wiles, 1972, and 
Granick, 1987a, were. based on partial data 
on turnover rates and duration between jobs 
from published official Soviet sources. Table 
6 presents the estimates of Granick and Wiles 
which measure’ the total Soviet unemploy- 
ment rate, whereas the Soviet Interview Proj- 
ect estimate measures only one-month-or- 
more unemployment. Wiles -calculated .a 
1962-63 total Soviet. :unemployment: rate 
of 1.3 percent (with a range of 1.0-1.8 per- 
cent) from isolated scattered turnover. data. 
Granick, working with more complete Soviet 
data on turnover and separations, calculated 


>We reaggregated the unemployment rates for each 
of the educational categories from Table 1 using first 
the Soviet Interview Project samplé educational distri- 
bution and then the referent population’s educational 
distribution above. The ratio of the two reaggregated 
unemployment rates {.93) is applied to the Soviet Inter- 


= view Project unemployment rate (1.1 percent) of Table 


1 to yield a hypothetical unemployment. rate (1.02) for 
the referent population, which is: adjusted upward using 
the memory-decay factor to 1:2 percent. ~. 

_ *Ofer and Vinakur, 1984, discuss the likelihood of 
such a distortion affecting wages at greater length. 


VOL. 78 NO. 4 


GREGORY AND COLLIER: SOVIET UNEMPLOYMENT 625 


TABLE 6— COMPARISONS OF UNEMPLOYMENT RATES: 
USSR AND SELECT CAPITALIST ECONOMIES (PERCENT) 


Soviet Union 


Soviet Interview Project* 


Wiles (1972) 
Granick (1987a) 


Capitalist Economies 
Low Unemployment 
United States 

a. All Adults 

b. White Adults 
West Germany 
Japan 


High Unemployment. 
United States 

a. All Adults 

b. White Adults 
West Germany 
United Kingdom 


", One-Month- 
` or-Longer All 

Year(s) Spells Spells 
1974-79. 1.2 
1962-63 1.1-1.8 
late 1970s 1.5-3.0 
1969 1.9 2.7 
1969 1.7 2.4 
1971-72 5 1.0 
1980 1.9 2.0 
1976 5.6 6.5 
1976 5.1 5.9 
1984 8.0 8.2 
1980 6.1 6.8 


“Population of medium-to-large cities, European USSR. 
Note: Western unemployment statistics have been adjusted using empirical survivor 
functions. For the United States, U.K., and Japan the survivor functions were estimated 
from data on the distribution of the duration of interrupted spells in U.S. Department 
of Labor, 1982, 1983, and OECD, 1986. For Germany the survivor function was 
estimated using the average duration of completed spells from Franz and König, 1986. 
The adjustments needed to sweep out spells of less than one-month duration are 
described fully in the Technical Appendix of Gregory and Collier, 1987, pp. Al7-A31. 


a range for the Soviet unemployment rate in 
the late 1970s of 1.5 to 3.0 percent with a 
point estimate of 2.3 percent. One must re- 
sist the temptation to draw inferences about 
trends in the Soviet unemployment rate from 
the Wiles and Granick estimates (which ap- 
pear to show an upward trend). The two 
estimates use different methodologies, and 
Granick’s statistics from the 1970s are much 
richer than Wiles data for the early 1960s. 
Unlike the U.S. case, where there has been a 
clear secular increase in the natural rate of 
unemployment, there are no strong demo- 
graphic reasons to expect such an upward 
drift in the Soviet unemployment rates.77_ 


The proportion of women in the labor force has 
remained stable, and the aging of the Soviet labor force 
has meant a decline in the employment share of young 
workers. The major shift has been the rising proportion 


We repeat that we regard the Soviet Inter- 
view - Project-based unemployment figure of 
1.2 percent as a lower-bound estimate of 
one-month-or-more unemployment. We can- 
not offer an upper bond, but the lower bound 


‘presented here sheds some light on the Wiles 


and Granick estimates. First, our estimate 


- for 1975-79, which omits unemployment 


spells of less than one month, is roughly the 
same as the Wiles estimate of the total Soviet 
unemployment rate for the early 1960s. We 
cannot know by what factor our estimate 
must be raised to yield an estimate of the 


of university graduates in the labor force, which rose 


from 6 percent in 1960 to 11 percent in 1980. As noted 
in this paper, the rising share of university graduates 
could have meant a very slight upward trend in Soviet 
unemployment, but the falling share of young workers 
would serve to offset this effect. 
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total Soviet unemployment rate, but even 
without adjustment it falls within Wiles con- 
fidence interval. Our rate falls within 
Granick’s suggested confidence interval with 
only a minor upward adjustment for short- 
term unemployment. This consistency with 
the two previous estimates derived from 
Soviet sources is reassuring. 


VIII. International Comparisons 


In the bottom panel of Table 6 we have 
assembled unemployment rates for the 
United States, West Germany, Japan, and 
the United Kingdom for comparisons with 
the three estimates of Soviet unemployment 
discussed above. The four countries reason- 
ably cover the spectrum of unemployment 
experienced in major industrialized capitalist 
countries. For the United States and West 
Germany we have sufficient data to calculate 
estimates of one-month-or-more unemploy- 
ment rates during a peak and a trough of the 
business cycle. For Japan (low unemploy- 
ment) and the United Kingdom (high unem- 
ployment), we are able to calculate one- 
month-or-more unemployment rates only for 
1980. For each country, the corresponding 
official unemployment rate (which includes 
spells of all durations) is given in the last 
column of the table. 

The one-month-or-more unemployment 
rates presented in Table 6 are meaningful in 
their own right. An unemployment rate that 
sweeps out the shortest spells of unemploy- 
ment will capture much of what Akerlof and 
Yellen, 1985, consider salient unemployment 
unemployment that is likely to be remem- 
' bered by those experiencing it and unem- 
ployment that involves more than a rela- 
tively uneventful, brief transition between 
jobs.*8 3 


*8Kor U.S. data we have examined the relationship 
between Akerlof and Yellen’s ratio of “salient” unem- 
ployment (from the WES) to total unemployment (from 
the CPS) and our estimates (for example, in Table 6) of 
the ratio of one-month-or-more unemployment to total 
unemployment. The two measures were found to move 
closely together over the business cycle (both ratios 
increase with downturns in economic activity). 
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Table 6 reveals that the unemployment 


‘rate we have estimated for the Soviet refer- 


ent population is relatively low, especially 
when compared with the high unemploy- 
ment figures for the United States, West 
Germany, and the U.K. at the bottom of the 
table. Indeed it is clear from looking at the 
low-unemployment and high-unemployment 
rates for the capitalist economies listed in 
the table that an “average capitalist” rate 
would be several times larger than the 
1974-79 average for the Soviet urban popu- 
lation. While this average difference comes 


as no surprise, it 1s, quite interesting to see 


that the unemployment rates experienced by 
capitalist economies during good times are 
quite similar to. the estimated Soviet rate. 
Indeed, the West German rate for 1971-72 
is even lower than the Soviet estimate. 


IX. Conclusions 


Data from a sample of former Soviet citi- 
zens provide a first, opportunity to estimate 


Soviet unemployment using standard survey 


methodology. While Western researchers 
(and even Soviet scholars) have focused on 
frictional unemployment, the Soviet In- 
terview Project sample allows us to ana- 
lyze longer-duration unemployment. Our re- 
search places a lower bound on the Soviet 
unemployment rate (excluding spells of less 
than one month) of 1.2 percent. This Soviet 
rate for the mid-1970s is well below com- 
parable one-month-or-more unemployment 
rates we have estimated for selected in- 
dustrial capitalist countries for the same 
period. Soviet long-duration unemployment 
rates, however, are not unique. In good years 
West Germany and Japan have achieved 
similar rates. | | 
This study helps to reveal the effect Soviet 
institutions have on: patterns of unemploy- 
ment. The most striking difference between 
U.S. and Soviet patterns of unemployment is 
the positive relationship between education 
and unemployment in the Soviet Union. Al- 
though we cannct offer a conclusive explana- 
tion for this unusual, Soviet pattern, we be- 
lieve both the official. placement system of 
college graduates and Soviet manpower 
planning contribute to the reversal. A second 
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striking difference is that Soviet women move 
between labor market states less frequent- 
ly than U.S. women. We are unable to 
find significant differences between Soviet 
male-female unemployment patterns, where- 
as gender differences are quite apparent in 
the U.S. case. Finally, our estimates indicate 
that Soviet labor market institutions have 
not completely offset a common tendency 
for unemployment rates to be higher for 
younger workers. Despite an extensive sys- 
tem of administrative placement for new 
workers (which we have shown is used prim- 
arily by the young), there still exists an in- 
verse relationship between age and unem- 
ployment in the Soviet Union. 

If we wish to attribute the unusual unem- 
ployment patterns of this paper to the Soviet 
system, it would be interesting to discover 
whether the distinctly Soviet patterns disap- 
pear once the Soviet emigrants have entered 
the U.S. labor market. U.S. Census data for 
1980°? show that Soviet emigrant women 
who had entered this country between 1975 
and 1980 had distinctly higher unemploy- 
ment rates than Soviet emigrant men. We 
find that unemployment rates fall with age 
up to the age-group 35 to 39 years, but rise 
thereafter. However, we are unable to con- 
clude from the 1980 census data that the 


39 Unemployment rates (in the United States) of 
Soviet emigrants for 1980 were calculated from cross 
tabulations of labor force status of immigrants by coun- 
try of origin, date of arrival, sex, and age from 1980 
Census microfiche, U.S. Department of Commerce, 
1985. 


Soviet Emigrants’ Unemployment Rates in the 
1975-80 Arrival United States, 1980, percent 
Total (20-64 years) 12.9 
Men 10.8 
Women 15.6 
20-24 Years 13.0 
25-29 11.6 
30-34 11.6 
35-39 9.6 
40-44 14.8 
45-49 13.1 
50-54 15.1 
55-64 16.4 
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change in patterns truly demonstrates the 
impact of economic systems on labor force 
behavior. The census data capture the Soviet 
emigration cohort analyzed in this paper still 
adjusting to the new economic system. 
Nonetheless, the differences are suggestive 
and point to a promising avenue for future 
research. 


APPENDIX 


In this appendix we provide a general description of 
our methods to calculate unemployment rates from the 
Soviet Interview Project General Survey. Full documen- 
tation can be found in Gregory and Collier, 1987, which 
also documents the calculation of the one-month-or- 
more unemployment rates for the Western economies 
presented in Tables 4 and 6. 


A. The Formula for Calculating an Unemployment 
Rate from the Soviet Interview Project General 
Survey Responses 


The Soviet unemployment rates in this paper are 
average rates for the final five years of the last normal 
period of the respondents’ lives in the Soviet Union. All 
variables listed below refer to the sixty months of the 
last normal period for each respondent. 


Notation: 
D, ;= Number of j-month long spells of the ith respon- 
dent; 


Z=Number of respondents who reported experienc- 
ing an unemployment spell of 30 days or more; 
N = Number of respondents (2793); 
i= Index for respondents; 
j= Index for duration of spell, that is, j= 2 refers to 
a completed spell of two months; 
E,== Months employment of the ith respondent; 
W,= Dummy variable =1 if respondent working at end 
of last normal period; 
=Dummy variable=1 if ith respondent unem- 
ployed in month t; 
e;,,= Dummy variable =1 if ith respondent employed 
in month f¢; 
l= Dummy variable=1 if ith respondent in labor 
force during month t. 


Derivation of formula for unemployment rate: 


Using the above notation, we have the follow- 


ing: 
(Al) 2 j: D,; = Total months of unemployment 
of ith respondent; 
(A2) » D; ; = Number of spells 
j of the ith respondent; 


(A3) > >. j: D;; = Total months of unemployment 
ij for the sample; 


H 
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(A4) © XD, , = Total number of spells 
ij of the sample. 
Divide (A3) by (A4) to obtain the average ee of a 
spell of unemployment for the sample: 


L Lj Dy 
(A5) EL —— os Average length of a spell; 
2 > Di; . l l 


ij 
LE», 
(A6) ——+— = Average number of spells of those 
Z with unemployment; 
(A7) Z/N 


= Proportion of sample reporting unemployment. 


We determine the average months of unemployment per 
respondent by multiplying (A7) by (A6) by (A5): 


LED) Ld-d, 
i j i 


IDE emm p a 


The last term in the product (average spell duration) 
cannot be calculated directly since respondents were 


only asked about the duration of their jast spells of 


unemployment. We have simply used the average dura- 
tion of the last spells of unemployment as an estimate 
of average spell duration (only one-third of respondents 
with unemployment had multiple spells). 

The average number of months of labor force activ- 
ity (defined as time employed or unemployed) remains 
to be determined. 
(A9) E+ 2. j: Di; = Months ith respondent 

j in labor force. 


Summing over i respondents and dividing by N we 
obtain the average time in the labor force 


E(4+ rsp, | 
(A10) So 


= Average number of months each 
respondent is in the labor force. 


The one-month-or-more unemployment rate is simply 
(A8) divided by (A10): 


2 Lid, X ( E, HEJ) 


i 


if 


All) U=———— 


months unemployment 


months in labor force ” 
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where the numerator is calculated as in (A8).® E; is not 
known for each respondent.’ In place of the average 
number of months of employment in the denominator, 
we use the empicvment rate of the sample at the end of 
the last normai period times 60 months, that is, we 
assume a constant employment rate over the last five 
years for each subgroup given in Table 1. 


(A12) ( Y E; in) is estimated by 60- y W, n) j 
. ioi l ar 


where W, is a dummy variable equal to one if the ith 
respondent was working at the end of the last normal 
period.*” 


B. Estimating Unemployment Rates for Soviet - 
Interview Project Sample 


178 of the 2793 respondents answered yes to the 
question (UNEMPS5YR),“ whether they had experi- 
enced at least a 3C-day spell of unemployment during 
the last five years of the last normal period. Since the 
averages of duration and number of spells used in 
formula (A11) are based solely on the respondents with 
unemployment experience, it was feasible to examine 
individual cases both for problem cases and for assign- 
ing responses to appropriate age categories. Over 100 
respondents required special handling or adjustments of 
some, kind. In this section we describe these adjust- 
ments. 


Duration of unemployment and number of spells: 

1. The measure of duration (DURUNE) was 
calculated from the coded responses for the beginning 
and end months and years of the last spell of unemploy- 
ment. For spells with DURUNE greater than or equal 
to two months, this is equal to the expected duration of 
the spell (asstiming independence of the months of 
beginning and ending unemployment). However, this 
measure is a biased estimate for DURUNE equal to 


“In the Technical Appendix of Gregory and Collier, 
1987, we show that equation (A11) in our Appendix, is 
a weighted average cf monthly one-month-or-more un- 
employment rates. 

*| This limitation of the data needs to be emphasized- 
Had we known the labor force status of all respondents 
during each of the sixty months of the last normal 
period, unemployment rates could have been calculated 
directly and this appendix would have been much sim- 
pler and shorter. 

To be excruciatingly correct we should include the 
second term in the denominator of equation (A11), 
@ ,j-D,;)+ N. We ignored this adjustment in our calcu- 
lations because of the relatively small magnitude of this 
number (about 2 weeks) compared to the error from 
estimating the months of employment (a magnitude of 
about 40 months). 

Wherever possible we give the exact variable name 
from the SIP Es in uppercase characters. 


A 
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zero or one. For example, if the spell began and ended 
in the same month and was at least 30 days long, then 
the unbiased estimate of the duration of the spell would 
be 1 month (not zero as calculated). Similarly for a 
spell which begins and ends in adjacent months, condi- 
tional on the spell being at least 30 days long, the 
expected length of the spell is 4/3 and not one month. 
We recoded the thirty cases with DURUNE coded as 1 
month with 1.33 months. 

2. We have corrected DURUNE for seventeen 
spells which fell completely outside the reference period 
and for spells which crossed the end points of the last 
normal period.* 

3. There are twenty-seven respondents with incom- 
plete or incorrectly coded responses for duration of last 
spell. Thirteen of those respondents have either zero or 
twelve months coded for DURUNE, but the first and 
last months are suspiciously coded June (see 44 above). 
These missing data are another reason for using our 
formula (A11), which is calculated using averages-rather 
than individual responses. 

4. There are ten respondents whose recorded end 
of last spell of unemployment exactly coincides with the 
final month of the last normal period. For four respon- 
dents who reported less than a year of unemployment, 
we treated those reported months similarly to the months 
in the sixty months of the last normal period of respon- 
dents whose spells crossed the end of the last normal 
period. The other six respondents in all likelihood con- 
fused the state of unemployment with being out of the 
labor force and were omitted from calculations of aver- 
age duration (which would have been significantly 
affected by their inclusion). 

5. For the calculation of average duration by last 
spell, we were able to assign the (last) spell to the exact 
age of the respondent at the time of the spell. For the 
calculation of average number of spells within a five-year 
period it was necessary to allocate spells and sample 
years to different age-groups for those respondents 
whose five-year reference periods fall in two age- 
groups.*© 53 respondents had their multiple spells 


“We found that all the “zero” duration one-month- 
or-more spells (eight cases) were the consequence of 
recoding “unknown” and “missing” values of month 
values to the month of June. 

Eleven. spells were completed after the final month 
of the last normal period. That portion of unemploy- 
ment which occurred after the last month reflects some 
of the change in the respondent’s life and is not believed 
to be representative. Hence these spells were not in- 
cluded for calculating average duration but were in- 
cluded for calculating incidence of unemployment. Six 
spells began before the reference period and ended 
during the 60 months of the last normal period. We 
included these earlier spells in calculating both average 
duration and incidence. . 

For example, a respondent who was 28 years of age 
at the end of the last normal period contributed two 
years to the 18 to 24-year group and 3 years to the 
experience total of the 25 to 34-year group. The re- 
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and/or time allocated between age-groups in this 
manner. Years of experience and number of spells were 
summed for each age, sex, and educational attainment 


group. 


Labor force participation and incidence of unemployment: 

There are two sources of labor force participation 
data in the Soviet Interview Project survey. 1) The 
variable DOJNGLNP gives the respondent’s answer to 
the following question: “In (the end of the last normal 
period), what were you doing most of the time--work- 
ing, going to school, keeping house, or something else?” 
2) The Life History Chart*’ also yields limited informa- 
tion on the respondent’s employment for all five years 
of the reference pericd (after the age of 18). 

‘For the calculation of average rates in Table 1, we 
used the variable DOINGLNP because we believe it to 
be more accurate than the Life History Chart which 
misses periods out of the labor force (with or without a 
speli of unemployment) shorter than six months. For 
the probit regressions of unemployment incidence in 
Table 2, we were forced to use data from the Life 
History Chart since we are dealing with individual 
observations and not with aggregated data as in 
Table 1. 


Incidence by age-group:* 

From a simple cross tabulation of UNEMPSYR and 
a respondent’s age at the end of the last normal period, 
we have something close to, but not exactly, incidence 
by age. Because the observation window of five years is 
so wide, it was necessary to adjust the data to corre- 
spond to individual years of age. A 25-year-old respon- 
dent is reporting on own unemployment experience for 
ages 21 through 25, a 26-year-old for ages 22 through 
27, etc. 
_ Step 1. We cross tabulated labor force participa- 
tion rates using DOINGLNP (end of last normal period) 
and incidence of unemployment (entire five-year period) 


ported 3 spells of unemployment for this individual 
were allocated: 1 spell to the 18 to 24-year group and 2 
spells to the 25 to 34-year-old group. 

“The Soviet Interview Project Life History Chart 

was constructed from the responses to the following 
question: “Now think about the times in your life after 
you reached the age of 18 when you were not working 
for pay for at least six months in a row. You may have 
been in school, (having or) taking care of children, or 
doing something else. Look at this chart again, and tell 
me in which years you were not working for pay for at 
least six months. (Time in the Armed Forces counts as 
“working for pay’.)” 
The [T-18] responses (0 = if less than 6 months in a 
row working for pay, 1= if 6 or more months in a row 
spent working for pay) constitute a crude employment 
history for a respondent who was age T at the end of 
the last normal period. 

45A numerical illustration of the procedure outlined 
in this section is given in Gregory and Collier, 1987, pp. 
A13~A15. 
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using adjusted UNEMPSYR with respondent’s age at 
the end of the last normal period. 

Step 2. Average annual incidence per respon- 
dent over last 5 years was calculated as follows: Let p, 
and p, be the one-year probability of experiencing a 
spell of unemployment and the probability of experienc- 
ing a spell of unemployment during a five-year period, 
respectively. p, is taken from step 1. The probability of 
not experiencing unemployment five years in a row 
(assuming independence of the probabilities across 
years) is [1 — ps] = [1 — p,}°, which we solve for p =1— 
(1— ps). 
Step 3. For each birth cohort of respondents the 


average annual incidence { p, from step 2) was treated - 


as an “observation” for the ages dp, a_3,43,4_3,;424 
(where age at the end of the last normal period is 
defined ag, next to last is a_,, etc.), For each age (a), 
we calculated a weighted average of the average annual 
probabilities for the five cohorts which experienced that 
age during the five years of the last normal period. The 
weights are the number of respondents i in each cohort of 
respondents. 

Step 4. In order to estimate the incidence of 
unemployment per worker by age, we generated the 
expected number of people experiencing unemployment 
by age and divided that number by the expected num- 
ber of people working by age. We multiplied the num- 
ber of respondents who passed through a particular age 
during the last five years of the last normal period by 
the age-specific participation rate (step 1) and age- 
specific unemployment incidence (step 3). 

Step 5. Annual incidence of unemployment per 
employed person by age-groups was obtained by simply 
adding the expected number of unemployed for the 
individual ages for each of the aggregate age-groups and 
dividing that sum by the sum of the expected number of 
people working by the individual ages—both from step 
4. The annual probabilities ( p,) for the age-groups thus 
obtained are transformed into five-year incidences ps 
using the formula 1~(1— p)? = p,. (Compare step 2.) 


Incidence by sex: 

For the estimated incidence of unemployment by 
sex, steps 1 through 4 described above were followed. 
Because of the relative infrequency of unemployment in 
the Soviet Interview Project sample, the age-specific 
average rates over the last five years of the last normal 
period calculated in step 2 showed a large variation for 
each of the sexes. The weighted average calculated in 
step 3 smoothed the rates across ages. Step 5 was 
replaced by aggregating expected workers and expected 
people who experienced unemployment by age for men 
and women separately. 


Incidence by educational attainment: 

A variable for the respondent’s highest level of di 
cation (REDHIC) was constructed by Soviet Interview 
Project researcher Michael Swafford. We have reagere- 
gated REDHIC into three categories.” 


“9A ttestat or less: (REDHIC 10 or less) “eight years 
of general schooling or less”; “at least one year of trade 
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Even the three-way classification of education leads 
to many empty calls in a cross tabulation of unemploy- 
ment experienced by respondent’s age and by the re- 
spondent’s highest educational attainment. Before step 
1 we smoothed the frequency counts in the separate 
cross tabulations of all respondents, those working at 


the end of the last normal period, and adjusted 


UNEMPSYR by age and educational attainment. The 
frequency counts were smoothed using a three-age (in 
years) moving average.°° Then as in our estimate of 
unemployment :rcidence by sex we followed steps 3 
and 4 above. In step 5 we aggregated by the three 
educational categories. 


(vocational-technizal) school”; “more than 8 years of 
general schooling or at least one year of secondary 
specialized school’; “completed at least a two-year 
trade-school program or attended trade school at least 
three years”; or “earned an attestat zrelosti or equiv- 
alent by any means.” 

Some, secondary technical. (REDHIC 11 or 12) 
“earned an attestat and attended at least two years of 
trade school” or “earned an attestat and attended spe- 
cialized secondary school at least one year.” 

Some higher education: (REDHIC 13 through 19) 
“attended an institution of higher education for at least 
one year”; “completed a higher Do “engaged 
in some graduate study (aspiranturay’; or “earned an 
advanced degree.” 

For a numerical illustration see Gregory and Col- 
lier, 1987, p. A17. 
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Costs of Price Adjustment and the Welfare Economics 
of Inflation and Disinflation 


By LEIF DANZIGER* 


This paper studies the welfare consequences of inflation and disinflation in a 
model in which firms inctr a fixed cost of price adjustment. It is shown that 
a moderately increasing price level is associated with higher social welfare than a 
perfectly stable price level, and the model therefore provides theoretical support 
for the widespread belief that a little bit of inflation is good for the economy. 
Nevertheless, it is also true that the eradication of a moderate inflation leads to an 


increase in social welfare. 


In an inflationary environment firms need 
to adjust their nominal prices in order to 
offset the decrease in their real prices caused 
by the increase in the general price level. 
However, monopolistic firms that incur a 
fixed cost of price adjustment will not in- 
crease their nominal prices continuously, 
even in the presence of a perfectly antic- 
ipated inflation. Instead, the firms will keep 
their nominal prices constant in periods of 
discrete length and then increase their prices 
in discrete jumps.+ 


*Department of Economics, Bar-Ilan University, 
Ramat Gan, 52100, Israel. I wish to thank Daniel F. 
Spulber and two anonymous referees for helpful com- 
ments. 

The theory of optimal price adjustments when there 
is a fixed cost of price adjustment was developed by 
Eitan Sheshinski and Yoram Weiss, 1977, for a per- 
fectly anticipated inflation, and extended by Sheshinski 
and Weiss, 1983, and Leif Danziger, 1983, 1984, to a 
stochastic inflation. See also Robert Barro, 1972, and 
Michael Mussa, 1977. The theory has been applied to 
study the effects of inflation on the demand for fixed 
factors (Sheshinski and Weiss, 1979); the aggregate con- 
sequences of monetary growth (Mussa, 1981b; Julio 
Rotemberg, 1983; and Andrew Caplin and Daniel 
Spulber, 1987); the asymmetric responses to inflation 
and equivalent deflation (Timur Kuran, 1983); the out- 
put effects of inflation (George Akerlof and Janet Yel- 
len, 1985; Kuran, 1986; Howard Naish, 1986; and 
Michael Parkin, 1986); the possibility of large inefficient 
fluctuations in. real variables (Gregory Mankiw, 1985; 
Olivier Blanchard and Nobuhiro Kiyotaki, 1987; and 
Laurence Ball and David Romer, 1987); the possibility 
of supporting the collusive outcome among oligopolists 
(Robert Gertner, 1986); and the implications of infia- 


633 


Y 


Within a period with constant nominal 
price a firm’s real price decreases at the rate 
of inflation, and the real price is therefore 
first above and then below the profit-maxi- 
mizing real price the firm would charge if 
there were no inflation. The decrease in the 
real price is accompanied by an opposite 
movement in the output, which is first below 
and then above the output that would be 
produced if there were no inflation. Conse- 
quently, compared toa situation in which 
the general price level is stable and the firm 
charges the profit-maximizing real price at 
all times, for any given real income the con- 
sumers are worse off in the first part of the 
periods with constant nominal price, but 
better off in the second part. Furthermore, 
assuming the real price is always above the 
real marginal cost of production, it is also 
true that social welfare is lower in the first 
part of the periods with constant nominal 
price, but higher in the second part of the 
periods. 

Whether social welfare is enhanced or im- 
paired by inflation therefore depends on the 
magnitude of the loss in the first part of the 
periods relative to the gain in the second 


tion for the variability and uncertainty of real prices 


(Stanley Fischer, 1981a; Danziger, 1987a, b; and Ro- 
land Benabou, 1986, 1987). For some empirical evi- 
dence on the amplitude and frequency of price changes, 
see Mussa, 1981a; Dennis Carlton, 1986; Stephen Cec- 
chetti, 1986; and Danziger 1987b. 
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part of the periods, and it is evidently of 
great theoretical and practical interest to 
ascertain whether the loss or the gain 
dominates. In fact, one of the most funda- 
mental questions to be asked of the fixed-cost 
theory of price adjustment is how the theory 
predicts that inflation affects the part of 
social welfare that is derived from the mo- 
nopolistic firms. 

The purpose of this paper is to answer this 
question, as well as the related question of 
whether disinflation is socially beneficial.* 
Section I presents a model of an economy 
with a continuum of monopolistic firms that 
produce differentiated products and incur a 
fixed cost when adjusting their nominal price. 
The general price level increases at a con- 
stant rate, and each firm maximizes its dis- 
counted real profits by choosing, at each 
price adjustment, the new nominal price and 
the length of the period until the next price 
adjustment. There is a continuum of con- 
sumers, and each consumer’s utility depends 
on his consumption of the different products 
and on his leisure. A consumer earns income 
by working in the competitive labor market, 
and he also receives his share of the distrib- 
uted profits. Each consumer maximizes his 
utility by choosing how much to work and 
how to divide his income between the differ- 
ent products. 

Section II derives the social welfare, de- 
fined as the discounted value of a consumer’s 
utility. It is shown that the utility generated 
by all the firms is constant and, since the 
firms have a measure of unity, equal to the 
average undiscounted utility generated by 
any one of the firms during a period with 
constant nominal price. 

Section III analyzes the welfare conse- 
quences of inflation and proves that social 


*It is surprising that the Literature has almost ignored 
the welfare implications of fixed costs of price adjust- 
ment. Early exceptions include Mussa, 1977, and 
Blanchard, 1979. More recently, Akerlof and Yellen, 
1985; Mankiw, 1985; Blanchard and Kiyotaki, 1987; 
Ball and Romer, 1987, and others have shown that 
small costs of price adjustment may have large efficiency 
effects 
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welfare is higher under small positive infla- 
tion rates than under full price stability 
(where each firm charges the profit-maximiz- 
ing real price). A slowly increasing price 
level is therefore preferred to a constant 
price level. The explanation is that discount- 
ing of future profits makes a firm’s price-ad- 
justment policy asymmetric in the sense that 
the firm chooses a nominal price for which 
its real price at the time of price adjustment 
is only slightly higher than its profit-maxi- 
mizing real price, but also chooses to keep 
the nominal price constant for so long that 
its real prices in most of the period become 
significantly lower than its profit-maximizing 
real price. The consumers benefit directly 
from the lower real prices, and this effect 
more than outweighs the adverse effect of 
the lower distributed real profits that the 
consumers receive qua owners of the firms. 

Section IV studies the welfare conse- 
quences of disinflation. Ending inflation in- 
volves a loss due to the higher real prices 
that the consumers must pay for some of the 
products. The explanation is again the asym- 
metric nature of the price-adjustment policy, 
which now implies that all firms that adjust 
their nominal price at the time inflation is 
brought to an end will do so by increasing 
their nominal price. However, ending infia- 
tion also benefits the firms and hence leads 
to a gain in the distributed real profits and 
the consumers’ real income. The overall im- 
pact of disinflation on social welfare is there- 
fore not immediately evident, but it is proved 
that the effect of the gain in the real income 
dominates so that social welfare is always 
increased when a moderate inflation is 
brought to an end. 

The above analyses of the welfare effects 
of inflation anc disinflation assumed that the 
inflation rates were relatively low and are 
probably valid for most of the recent infla- 
tion experience, although this of course re- 
mains an empirical question. Section V 
therefore proceeds to examine the welfare 
implications of inflation and disinflation at 
more extreme inflation rates, and it presents 
two examples demonstrating that the welfare 
effects may be reversed at high inflation rates. 
Finally, Section VI concludes the paper. 
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I. The Model 


Consider an economy with a continuum of 
monopolistic firms that produce differenti- 
ated nonstorable products. The firms are in- 
dexed by i, are uniformly distributed on the 
interval (0;1], and have a measure of unity. 
There is also a continuum of consumers that 
are identical and have a measure of N > 0. If 
x;, denotes an individual consumer’s instan- 
taneous consumption of the ith firm’s prod- 
uct at time ¢, and /, his instantaneous leisure 
at time ¢, then the consumer’s instantaneous 
utility at time f is given by 


(1) f udit, 


where u(x) is increasing, strictly concave, 
and twice continuously differentiable for 
0 < x; < X, where 0 < xX <o. 

A consumer has I > 0 of time available at 
each ¢. He works some of his time for the 
wage rate in the competitive labor market, 
and enjoys the remainder as leisure. All con- 
sumers own an equal fraction of all firms, 
and profits are immediately distributed. 
Using labor as the numeraire, real prices and 
real profits are defined as nominal prices and 
nominal profits divided by the wage rate. If 
z;, denotes the ith firm’s real price at time f, 
and A, the instantaneous real profits distrib- 
uted to each consumer at time /, then a 
consumer’s instantaneous budget constraint 
at time £ is given by 


(2) I+ A= f2¢Xidi tl. 
0 


The objective of each consumer is to 
choose his instantaneous consumption and 
leisure in order to maximize his instanta- 
neous utility (1) given his instantaneous 
budget constraint (2). Assuming that a solu- 
tion with 0<x,,<x and /,>0 exists, this 
implies that @u(x,,)/0x,, = Zu for all i; con- 
sequently, a consumer’s demand (density) 
for the ith firm’s product depends on only z,, 
and may be written as D(z,,). The aggregate 
demand for the jth firm’s product is there- 
fore ND(z,,). 
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Labor is the only factor of production and 
is freely variable.’ All firms require a labor 
input of k > 0 for each unit of output, and if 
the real price exceeds k, the ith firm’s (maxi- 
mum) instantaneous real profit from produc- 


tion at time f is given by 


II (zi) = (Zi 


It is assumed that the instantaneous real 
profit from production is maximized at the 
real price Z, 0 < Z< œ, and strictly quasi- 
concave when positive. 

The general price level (as measured by 
the wage rate) increases at the constant rate 
u > 0.° Due to the fixed cost of price adjust- 
ment, however, firms do not adjust their 
nominal prices continuously. Instead, each 
firm keeps its nominal price constant in peri- 
ods of discrete length, after which it in- 
creases its price by a discrete jump. Thus, if 
S denotes the initial real price, that is, the 
real price at the beginning of a period with 
constant nominal price, then Se~*" is the 
real price after +r>0 of the period has 
elapsed. Let T denote the duration of a 
period with constant nominal price (i.e., if 
the nominal price is adjusted at ¢ = 0, then it 
is kept constant in [0;7)), C>0 the fixed 
real cost of price adjustment, and r>0 the 
real interest rate. At the time of price adjust- 
ment, the firm’s discounted real profits from 
the period with constant nominal price be- 
come 


= K) ND (zy). 


f “eT (Se7#") dr -C 
Q 


Inclusion of other factors (variable or fixed) would 
be inconsequential. The results would also hold with 
labor as a fixed factor if there were another variable 
factor. 

“Of course, if the real price does not exceed k, the 
(maximum) instantaneous real profit is zero. The analy- 
sis below indicates that unless the real price always 
exceeds k, it would be optimal for the firm to cease to 
exist. 

In fact, with the assumptions of the model, any 
symmetric and homogeneous aggregation of the differ- 
ent firms’ prices also increases at rate u. See Rotemberg, 
1983, and Caplin and Spulber, 1987. 
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It may be assumed that the firm chooses the : 


same S$ and T at each price adjustment (see 
fn. 7 below). At the time of a price adjust- 
ment, the total discounted real profits there- 
fore become 


V= (errr) | fer" t1(Se-*) arc], 
0 


Each firm determines S and T so as to 
maximize V. The first-order conditions for a 
maximum are 


x II’ (Se™™") dr =0, 


a eet 
(D r E 


HI(s)—- ry] =0, 
where s= Se "’ is the terminal real price, 
that is, the real price at the- end of a period 
with constant nominal price. Condition (3) 
shows that S is determined so that the dis- 
counted value of the marginal real- profits 
from a change in S is equal to zero, while 
condition (4) shows that T is determined so 
that the real profit at the terminal real price 
is equal to the “permanent” real profit rV. 
Assuming that V > 0 (otherwise it would be 
optimal for a firm to cease to exist), it fol- 
lows that II(s) > 0 and hence s > k, so that 
a firm’s real price always exceeds k. i 
Using the strict quasiconcavity of II(z,,) 
> 0, it may be shown that whenever condi- 
tions (3) and (4) are satisfied, then s < Z < S, 
and the second-order conditions for a maxi- 
mum are: also satisfied. It follows that the 
(S,T) policy is unique’ and will be followed 
by all firms. 


*More' precisely, s is the limit of the real prices as + 
approaches T. 

See Sheshinski and Weiss, 1977, on which the der- 
ivation of the individual firm’s pricé-adjustment policy 
is based. The uniqueness of the (S, T) policy provides a 
justification for assuming that a firm chooses m same § 
and T at each price adjustment. 


SEPTEMBER 1988 





Q{s) }---== 





ee am ee rem ee a mi ee ee er ae AS ANE a Re Se eh tt Ga 


TZ) }------ 





iy Se Se ek 


a(S) 





ORE coe ek as 


INS) }------ 
Ii{s) We me a of, eee me omt ye 


ns €nZ nS nz 


By partial integration and the definition 
of V, 
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which, by use cf condition (4), is equal to - 
1 
zg LCS) - H(s) - rC]. 


Conditions (3) and (4) are therefore equiv- 
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alent to 

(5) H(S)~Ii(s)-rc=0, 
(6) IIl(s)—rV =0. 


Condition (5) expresses that the real profit at 
the initial real price is equal to the real profit 
at the terminal real price plus the interest 
saved by postponing a price adjustment. This 
condition is illustrated by the II(z) curve in 
Figure 1 (note that the horizontal axis mea- 
sures the logarithm of the real price). 


Hil. The Social Welfare 


Let ¢;.denote the time of the ith firm’s last 
price adjustment before ¢, and assume that f, 
can be expressed as t;=1—iT. Since i is 
uniformly distributed on (0;1], it follows 
that ¢, is uniformly distributed on [t — T; t); 
that is, the firms are uniformly .distributed 
with density 1/T in terms of. the time of 
their last price adjustment before t. The real 
cost of price adjustment incurred at time t 


is, therefore, C/T, and the total real profits _ 


generated by all firms’ production at time 1 
less the real cost of price adjustment at time 
t become 


f(z) ai m 


The instantaneous real profits distributed 
to each consumer at time ¢ are then 


ein es = 
=| fT (zu) d- 55. 


The consumers’ expenditures are equal to 
the firms’ revenues, so substitution of A, in 
the budget constraint (2) shows that a con- 
sumer’s instantaneous leisure at time ¢ is 


7 : eg El 
a l= I+ | fca di -Ela | 


a [uP (Zi) di 
0 


E saan c 
, =1-k D(z) di- =, 
0 
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where c is defined by c= C/N. A consumer’s 
(maximized) instantaneous utility at time f 
therefore becomes 


U= ful D(z.) di +1-kf Dzy) ge 
1 , C | 
a O(2,)d+I- a, 


where Q(z,,) =u[D(z,,)]—kD(z,,) is the 
gain in utility derived from the ith firm’s 
production of D(z,,). This gain of course 
decreases with z, for s< z, <S, since the 
higher z,, 1s, the fewer units are bought rela- 
tive to the D(k) units for which the gain is 
maximized. 

. It follows from the definition of s that 
T= (in S$ ~Ins)/p, and from ¢t,=t-—iT 
that z= Se~" =>i=(In S—In z,,)/(uT)= 
(In S.— ln z;)/(ln S —ln s). So by changing 
the integration variable from i to Inz and 
substituting for T, one obtains that 


[o(2)ainz-pe 


Br 
Ms InS—Ins £ 


Accordingly, the instantaneous utility is con- 
stant. Furthermore, since the firms have a 
measure of unity, the instantaneous utility, 
generated by all the firms is equal to the 
average undiscounted instantaneous utility 
generated by any one of the firms during one 
period with constant nominal price. Thus, in 
Figure 1 the instantaneous utility generated 
by all the firms is, except for the cost of 


8 Formally, 
dQ (za) = dul D(z;,)] -k dD (z) 
dZ; dD (Zi ) dz; 
aD(za) 
oa (u= Oae dZ; 


noting that dul D(z,,))/dD(z,,) = Zus, Z,—k > 0, and 
dD(z;,)/az,,<0 from the second-order condition for 
maximum. 
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price adjustment, equal to the average value 
of Q(z) as Inz decreases from In S to Ins. 

Social welfare is defined as the discounted 
(at rate r) value of U, t > 0. It becomes 


o0 
= —rt 
We fe U, dt 


fol) ainz~ pe 1 


nae al a 


7) In S—Ins r 


Il. The Welfare Economics of Inflation 


If there were no inflation; then each firm 
would maximize its total discounted real 
profits by choosing S= Z and T = œ (while 
s would be indeterminate). The discounted 
real profits would become II(Z) /j°e~" dt — 
C=JI(Z)/r—C, which is also the limiting 
value of V as p approaches zero. It fol- 
lows from conditions (5) and (6) that 
lim, .9[(S) =II(Z) and lim, ,,II(s) = 
IIl(Z)—rC. Consequently, in view of the 
strict quasiconcavity of II for I1>0, the 
limiting values of S and s as the inflation 
rate approaches zero are Z and s*, where 
s* is defined by s* =II~+[II(Z)—rC] and 
s* < Z. Inflation in the limit simply erodes 
monopoly power. This is illustrated in Fig- 
ure 2 where the arrows indicate the move- 
ments of In S and Ins toward In Z and Ins* 
as u approaches zero. The important point 
to note is that, because of discounting, the 
terminal real price does not approach Z as p 
approaches zero: the limiting distribution of 
the real prices as u approaches zero is con- 


-centrated on the interval (s*; Z], almost all 


of which is below the real price Z that would 
be charged in the absence of infiation.? In 
other words, when the rate of inflation is 
low, then the discounting of future profits 
introduces an asymmetry in a firm’s price- 


° This reflects the fact that if there were no inflation, 
then the discounted real profits from any real price 
within the interval (s*,Z) exceed the discounted real 
profits from incurring the cost of price adjustment and 
obtaining the real price Z, That is, H(z)/r> I(Z)/r 
-C for s* <2z< Z. 
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FIGURE 2 


adjustment policy: on the one hand, the firm 
chooses a nominal price for which its real 
price at the time of price adjustment is only 
slightly higher than its profit-maximizing real 
price, and on the other hand, the firm also 
chooses to keep its nominal price constant 
for so long a period that its real prices in 
most of the period become significantly lower 
than its profit-maximizing real price. 

The limiting value of the social welfare as 
the inflation rate approaches zero, becomes 


W*= lim W 
p—>0 


f olz)amz 1 
es i iA ere 2 : 
In Z—Ins* i r 


Since Q(z) is a decreasing function of z for 
s*<z<Z, the limiting distribution of the 
contributions of the different firms to the 
social welfare is concentrated on the interval 
[O(Z); O(s*)), almost all of which is above 
the contribution Q(Z) that corresponds to 
the real price Z. In other words, since the 
consumers’ gain from lower real prices out- 
weigh their loss due to lower distributed real 
profits, it follows that W * exceeds what the 
social welfare would: be in the absence of 
inflation. Because of the continuity of S and 
s in the inflation rate, also W is continuous 
in the inflation rate. The social welfare is 
therefore higher under small positive infla- 
tion rates than in the absence of inflation, 
and it may be concluded that a steady-state 





VOL. 78 NO. 4 


moderately increasing price level is prefer- 
able to perfect price stability. Accordingly, 
the model’ provides theoretical support for 
the widely held belief that the economy 
benefits from a little bit of inflation. 

Since the result that social welfare is higher 
under moderate inflation rates than in the 
absence of inflation is caused by the fact that 
under moderate inflation rates most real 
prices are below the real price that would be 
charged in the absence of inflation, it pro- 
vides no clue as to how social welfare varies 
= with a (positive) steady-state inflation rate. 
. To determine this, totally differentiate W 
> with respect to p, 


aW ` sid 


dp S du 
ease Fs ! 
— a tt ee 

S dp. 


xr7l(In S—Ings)~* 


Also, totally differentiate conditions (5) and — 


(6) with respect to p, 


3 dS rdV/dop 
(8) ay | 
dp Il’(S) 
ds raV/op 
dp TI’(s) ` 
Hence, | | 
dW O(S)+I-rw 
du STI’(S) ` 
QO(s)+I-rW {3V c 
sII'(s) [ou r 
x (In S—Ins)~*.. 


Observe that 
lim [Q(S)+1—rW] 
he 
=0(Z)+I-rw* <0, 
lim [Q(s) + I-rw] 
p 
= O(s*)+I-—rW* <oo, 
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and, by the continuous differentiability of 
II(z) (because u(x,,) is twice continuously 
differentiable in x,,), that 


im, [ST'()] =0-, 
n [sII’(s)] = sar (s*) >Q. 


Therefore, 


= J OCS)+1-rw 
tim | STL’ (S) 
B ea] 
Ge) = 00. 


Since condition (3) and the strict quasicon- 
cavity of II for II > 0 implies that 


9) Z-a- s 
D a 


x f Tre" +I (Se) dr <0, 
0 


it follows that. lim, .odW/du <0. It may 
therefore be concluded that the social welfare 
decreases with the inflation rate in a neigh- 
borhood of p = 0. This is illustrated in Fig- 
ure 3: for low inflation rates the social welfare 
is inversely related to inflation rate, even 
though the social welfare is always above the 
no-inflation level. The reason is that the 
profit function is very flat for real prices 
close to Z, so for low inflation rates almost 
all of the effect of a higher u will be through 
a higher S (which implies a lower W), while 
only very little will be through a lower s 
(which implies a higher W). 

It is also of interest to determine how the 
social welfare depends on the fixed cost of 
price adjustment. Since W is continuous in 
the inflation rate, lim, ..»dW/dC = dW */ 
dC, so by ees differentiating W* with 
respect to C, i 


aw [rW*-I-Q(s*)]ds* 

lim | L 

u>0 dC -|` gt dC 
x rn Z—Ins*)7? 


ne i aeaea- Sa 
~ 
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FIGURE 3 


Now, 


rW* —1-Q(s*) 


eae 


and, by the definition of s *, 


ds * r 
Seo ae 
dC W'(s*) 


Accordingly, . lim, _, »pdW/dC > 0. So, one 
obtains the rather “paradoxical result that for 
low inflation rates social welfare increases 
with the fixed cost of price adjustment (i.e., 
for low inflation rates the W curve in Figure 
3 shifts upward). The logic ‘is, however, 
straightforward: the fixed cost of price ad- 
justment reduces the terminal real price, and 
since the adjustment cost is never incurred in 
the limit.as the inflation rate approaches 
zero, at low rates of inflation the indirect 
positive effect of the downward push in. real 
prices dominates the direct negative effect of 
the higher cost of price adjustment. 


Nn ak a ME TAN I ee, a 
IV. The Welfare Economics of Disinflation 


The reduction of inflation is one of the 
major goals of economic policy, and a ques- 
tion of great practical significance is how a 
transition from inflation to price stability © 
affects welfare. An answer to this question . 
cannot, however, be obtained from the above 
analysis which only compared steady states 
with different levels of inflation. In order to 
assess the welfare effects of disinflation, as- 
sume now that at some point in time infla- 
tion is permanently eradicated.” Some firms 
will then find it profitable to immediately 
adjust their nominal price so as to make 
their: real price equal to Z, whereas other 
firms will find it profitable to keep their 
nominal price unchanged forever. Since the 
discounted real profits from immediately ad- 
justing the nominal price are II(Z)} øge" dt 


t 
tt say 


101 is also assumed that disinflation is totally unan- 
ticipated and hence. does not affect the firms’ price . 
setting before the disinflation occurs (this would, any- — 
way, be inconsequential for the low inflation rates con- ` > 
sidered in this section). i 
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a —C=II(Z)/r—C, while the discounted 
real profits from keeping the nominal price 
(and the corresponding real price z) un- 
changed are II(z) [Ste dt = I1(z)/r, firms 
for which II(z)/r< I(Z)/r — C will ad- 
just their nominal price, while firms for 
which II(z)/r>W(Z)/r—C will keep 
their nominal a unchanged. Let S* be 
defined by S* =I ~YII(Z)—rC] and S* 
> Z; that is, I1($*)=W(s*) and s*< Z 
<.$*, Consequently, any. firm whose real 
price either falls below s* or above S* at 
the time inflation is brought to an end will 
choose to adjust its nominal price so that its 
real price becomes Z, while any firm whose 
real price falls between s* and S* at the 
time inflation is brought to an end will choose 
not to adjust its nominal price.! This is 
-illustrated in Figure 4. It is clear that ds */dr 
. <Q and dS*/dr > 0; that is, the higher the 
interest rate, the fewer firms find it profitable 
to incur the price-adjustment cost at the time 
of disinflation in order to make the real price 
equal to Z. | 
There always exist firms whose real prices 
under inflation fall below s* (since ds/dp < 
_-0). For. these firms disinflation leads to a 
higher real price and a lower production. On 
the other hand, because of the asymmetric 
nature of the Price-adjustment policy, for 


"The firm whose real price is equal to s* or S* at 
the time inflation is brought to an end will be indiffer- 


‘ent between adjusting its nominal price and leaving it. 


unchanged. 
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low inflation rates there will not be any firm 
whose real price is above S* (since Z < S*), 
and therefore no firm whose real price is so 
high that disinflation leads to a lower real 
price and a higher production. The eradica- 
tion of a moderate inflation therefore neces- 
sarily involves a loss due to the higher real 
prices that the consumers must pay for the 
products of some of the firms. At the same 
time, disinflation also leads to an increase in 
the firms’ real profits, and hence to a gain 
due to the higher distributed real profits that 
cause the consumers’ real income to in- 
crease, Because of these opposite effects, the 
overall impact on social welfare is not im- 
mediately evident. 

It will now be proved, however, that bring- 
ing a moderate inflation to an end always 
increases social welfare. Assume that the in- 
flation rate is sufficiently low that S<S*. 
At the time of disinflation, there is a one-time 
total price-adjustment cost of C(lns* — 
Ins)/(in S ~Ins), so the social welfare from 


2 Under inflation, the discounted real profits of the 
ith firm at time ¢ are 


V, = f Merril sere) dr+e Ny, 


where 7; =t + T—t. Let T be defined by T(Se7#7) = 
IS) and T > 0. Since the choice of (S,T) maximizes 
V, it follows that V; < V + C. Consequently, if t < t; + T. 


` conditions (5) and 6 imply that 


V,<II(s)/r+C=(S)/r s UW [Se7#- | /r. 


Since II{Se~#“'~]/r are the discounted real profits 
under disinflation if the firm does not adjust its nominal 
price, this shows that disinflation increases the dis- 
counted real profits if t < t; + Ê. pr the other hand, if 
t>t,+T, the fact that (Se~ BP > TI(Se7 2-9] to- 
gether with conditions (5) and (6) imply that 


V,<IL(Se7#?) [Mem arte“ 
0 


=TI(S)(l-e7'")/r+0 (sje /r 

<T(S)/r=Il(s)/r+C<ITl(Z)/r+c. 
Since W(Z)/r+c are the discounted real profits if 
the firm adjusts its nominal price, this shows that dis- 


inflation also increases the discounted real profits if 
t>t,+T. 
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disinflation becomes 


r 


Q(z) f? dinz + f50(z)dinz—re(ins* —Ins) 1 
InS—Ins ee 


Accordingly, the-change in the social welfare 


is (by (7), 


fle ~ O{2)] dinz +pe~re(ins* —ins) 
ad ae] 


“fo 


( f{ [ez ~Q(z)- rc] dinz =) 1 


~ InS-ins r` 


which has the same sign as 
H= f [Q(Z)-Q(z2)-rc]dmz+ pe. 


To determine the sign of H, totally dif- 
ferentiate H with respect to p, 


ds /d 


S 





TE, 


dH 
g Atl) 


Next, substitute dV/du from equation (9) 
into equation (8) to obtain that. 


rS f re TE (Se) dr 
#0 


ds 2 
dp Il’(s)(1—e7’7) l 
Since 
lim [re #77] =0, 
and 


lim II’(Se~#") =0 


for any finite 7, it follows that lim, _, yds /dp 
=0. Therefore, it may be concluded that 
dH /dp > 0 for small u, and since lim, oH 
= 0, also that H > 0 for small p. - 
Consequently, disinflation has a positive 
impact on social welfare. So even though 
disinflation causes higher real prices for the 
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products of some of the firms, due to the 
positive effect on the firms’ real profits, the | 
eradication of a slow inflation is socially 
beneficial. Intuitively, the explanation is that 
for moderate inflation rates s is a very flat 
function of the inflation rate so that only few 
firms adjust their nominal price at the time 
of disinflation; the positive effect of avoiding 
the costs of price adjustment in the whole 
future therefore dominates the negative effect 
of the higher real prices and the extra costs 
of price adjustment incurred at the time of 
disinflation. 


Y. Two Examples 


In many practical applications it is prob-_ 
ably reasonable to assume that the inflation 
rates are sufficiently low that.they lie within 
the range for which the results in Sections 
HI and IV were obtained. Nonetheless, one 
would like. to explore whether these results 
hold globally or may be reversed for high 
inflation rates. For instance, is it possible 
that, the social welfare decreases so much 
with the inflation rate that it eventually falls 
below the social welfare that would be ob- 
tained in the absence of inflation? Or con- 
versely, is it possible that the social welfare 
at some point starts to increase with the 
inflation rate and eventually rises above W *? 
And is it possible that for-high inflation rates 
disinflation may have a negative effect on the 
social welfare? Since the proofs of the results 
in Sections II and IV hinge on the asymme- 
try im the firms’ price-adjustment policy 
caused by the interaction between a positive 
discounting and a low inflation rate, it is. 
perhaps not surprising that the results may 
indeed be reversed for high inflation rates. 
This will be Gemonstrated with the help of 
two examples. In the first example: the de- 
mand function is loglinear, and. it is shown 
that at high inflation rates the social welfare 
is below its no-inflation level and decreases 
with the fixed cost of price adjustment. In 
the second example the demand function is 
linear, and it is shown that at high inflation 
rates the social welfare is above W*, in- 
creases with the inflation rate, and is nega- 
tively effected by disinflation. 


VOL. 78 NO. 4 
A. The First Example 


Assume that u(x,,)=2x3, and k=1. A 
consumer’s demand for the ith firm’s prod- 
uct is then D(z,,)=z77, and the instanta- 
neous real profit from production becomes 
(z;*—277)N. Accordingly, 


V=(1- e7) 
x |N [erse S~*e*#") dr — c|, 
0 


If it is assumed that u = r, then condition (3) 
implies that S satisfies 


2 pr 
ce pr 
s=] dr. 


Since the instantaneous real profit distrib- 
uted to each consumer is constant and given 


by 


f LD(z)-D(z)]dinz-uc 
A = > ,, 


InS—Ins 
the social welfare may be written as 
[(ulD(2)]- D(z)} dinz-pe 1 
ips [Se ‘ 3 


In S —~lns 


1 


r 


P(1D@)]- 2D(2)} dinz 
7 InS—Ins 


sasl 


S a = 
foz 1-27) dinz jen 1 
p inf- ins TA 


Substituting for S and using that InS— 
Ins = pT, , 


W=(44+A4I)r}. 


Clearly, Z=2 so that u[D(Z)]— ZD(Z) 
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=}, and A<II(Z), since by definition Z is 
the profit-maximizing real price. Conse- 
quently, there exist high inflation rates for 
which the social welfare under inflation is 
less than what it would be in the absence of 
inflation. Furthermore, since lim,_,,»A4= 
TI(Z),” it also follows that dd /dC <0 is 
possible and hence that dW/dC <0 is possi- 
ble. So at high inflation rates social: welfare 
may decrease with the fixed cost of price 
adjustment. 


B. The Second Example 


Assume that u(x,,)=x,,—4xj, for x; <1 
and that k=0. A consumers demand for 
the ith firm’s product is then D(z,,) =1— Zin 
and the instantaneous real profit from pro- 
duction becomes (z; — 23)N. Thus, 


V=(l-e7'T)” 


x |N f "e-""(Se-#" — S%e-#") dr =C), 
0 


Totally differentiating conditions (5) and (6) with 
respect to C yields 
dS r 
dC W(SeT-1)’ 
ds r 
dC I’(s)(l-e7'7) | 
while conditions (5) and (6) together with the strict 


quasiconcavity of II for II>0 show that limpos = 
me. 95 = Z. Therefore, 


Cy ad (2m ms- jim ins} a 
dS 
caode 
and 
dS/dC 
c0 ds/dC 


By l’Hospital’s rule, 


in 4- 2-2) 
1/Z 


lim =TI(Z). 





644 

By condition (3), S satisfies 
feur dr 
0 


a 
E eetre dr ` 

0 
and the discounted real profits from a period 
with constant nominal price become. 


| 2 
ea ar 
(10) —+2,—__+-¢ 
4 [Te Gntor de 
0 


Let f=[1—4re+(1—4rce)*] 4c). It is 
easy to see that (10) decreases in p (because 
of (9)), increases in T, is negative for p > u 
and T < œœ, and vanishes for p =g and T= 
oo. It may therefore be concluded that T 
approaches infinity as u approaches H. 

The social welfare becomes 


| p u| D(z)|dlnz-— pc 1 
$ 
= $$ + 
-| InS—Ins i 


fQ-2)amz-pe 1 


of | Seem a 
= -2(nS-ins) r 
(S?—s*)/2+ He | 1 
g —-2(InS—Ins) 


2 eT 
aa f eB dr 
9 


go 2 
Ty Qatr)t ar] 
c 7 1 
—- — +I}. 
2T r 


Substitution of p=2p and T= shows 
that W approaches (4+J])/r as p ap- 
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proaches m. Since W* = lim, „oW < [u(1)+ 
I]/r = (4+ I)/r, one obtains that W > W * 
for u high enough. That is, as u approaches 
p, the period: with constant nominal price 
becomes so long that the real prices are close 
to zero almost all the time. Since zero is the 
socially optimal price, it may be concluded 
that there exist high inflation rates for which 
the social welfare increases with the inflation 
rate and eventually exceeds W*. Further- 
more, from the fact that lim,.,W = 
(5+ I)/r, it may also be BRT that for 
high enough inflation rates, disinflation leads 
to a decrease in social welfare. 


VI. Conclusion 


This paper has studied the welfare conse- 
quences of inflation and disinflation in a 
model with monopolistic firms that produce 
differentiated products and incur a fixed cost 
of price adjustment. A major result is that a 
moderately increasing price level is associ- 
ated with a higher level of social welfare 
than a perfectly stable price level, and the 
model therefore provides theoretical support 
for the widespread ‘belief that a little bit of 
inflation is gcod for the economy. Another 
important result is that the eradication of a 
moderate inflation leads to an increase in 
social welfare. There is no contradiction be- 
tween these results: the first result follows 
from the fact that at low inflation rates a 
firm’s real price is most of the time below 
the real price that it would charge in the 
absence of inflation, while the second result 
follows from the avoidance of costly price 
adjustments after inflation has been brought 
to an end. 

The analysis has assumed that all con- 
sumers are identical and own the same frac- 
tion of all firms. Neither inflation nor disin- 
flation, therefore, have distributional effects. 
In a more realistic setting, however, con- 
sumers may be different and ownership of 
the firms not evenly: distributed, so that dis- 
tributional aspects cannot be ignored. For 
instance, under inflation the individuals qua 
consumers benefit from the relatively low 
real prices, but qua owners of the firms 
suffer from the relatively low distributed real 
profits, while after disinflation it is just the 


od 


| 
| 


e 
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opposite. Accordingly, if ownership of the 


_ firms were not evenly distributed, but con- 


centrated in the hands of a few individuals, 
then these individuals would be made worse 
off by inflation and better off by disinflation, 
while the other individuals would be made 
better off by inflation and worse off by disin- 
flation. Thus, the different individuals would 
disagree about the desirability of disinfla- 
tion, and this might help explain why anti- 
inflation policies are so hard to implement.'* 

The existence of price-adjustment costs 1s 
of course not the only reason for inflation to 
have welfare effects. As is :well known, the 
traditional analysis of the welfare conse- 
quences of inflation focuses on the socially 
inefficient economizing on cash balances as- 
sociated with the nonpayment of interest on 
cash,’ and from this viewpoint the optimal 
rate of inflation is negative and equal to 
minus the real rate of interest.!° The present 
analysis implies that deflation decreases 
welfare (for the same reason..that inflation 
increases welfare), so it would be interesting 
to combine the two approaches in order to 
determine under which conditions there ex- 
ists a welfare-maximizing rate of inflation, 
taking into account both the effects of the 
cost of price adjustment and the effects of 
the inefficient economizing on cash balances. 


*Tt has also been assumed that inflation is fully 
anticipated. This is, however, not essential. It is 
straightforward to show that the results would also hold 
with a stochastic inflation, either of the discrete type in 
Danziger, 1984, or of the continuous type in Caplin and 
Spulber, 1987. 

ISSee Martin Bailey, 1956, for the original statement 
and Fischer, 1981b, for a more recent application. 

!6See Milton Friedman, 1969. 
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Servicing the Public Debt: 
The Role of Expectations 


By GUILLERMO A. CALVO* 


We study models in which debt repudiation— openly or through inflation — is 

possible. The government maximizes the utility of the representative individual, 

and we focus on no-precommitment equilibria of the Barro-Gordon type. We show 

‘ cases in which the existence of government bonds generate multiple perfect-fore- 

_ sight equilibria. However, price indexation and/or interest-rate ceilings are 
- shown to be possible solutions of the equilibrium multiplicity problem. 


at 


As one looks around the world one is 
impressed by the wide variety of languages, 
cultures, and even perceptions of the same 
phenomena. However, the topic of the 
government budget is one of the few where 
the range of issues and degree of emotions 
appears to find a common denominator. The 
government budget lies at the basis of politi- 
cal campaigns and plays a significant role in 
the evaluation of government policy. 

Recently, economic theory has begun to 
catch up with political reality by not only 
studying the optimality of fiscal and mone- 
tary policy in a context where explicit 
account is taken of the government’s budget 
constraint—the cradle of political disputes 
—but it has gone a step further by examin- 
ing the time consistency of optimal policy, 
that is, the issue of whether it is optimal to 
keep promises that were optimal to make in 
the past (for example, during the electoral 
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campaign). The latter lies at the heart of the 
“credibility” dilemma faced by any serious 
politician. 

Time inconsistency of optimal policy has 
received a lot of attention in the litera- 
ture (see, for example, Finn Kydland and 
Edward Prescott, 1977; Guillermo Calvo, 


1978a,b; Robert Barro and David Gordon, 


1983a,b; Robert Lucas, Jr., and Nancy 
Stokey, 1983; Mats Persson, Torsten Pers- 
son, and Lars Svensson, 1987, among others). 
Most of the attention, however, was directed 
to (a) the identification of the factors re- 
sponsible for time inconsistency, (b) mecha- 
nisms to ensure time consistency, and (c) the 
characterization of optimal policy. when pre- 
sent planners take into account their inabil- 
ity to make future commitments—which 
leads to the equilibrium concept first ex- 
amined in macroeconomics by Edmund 
Phelps and Robert Pollak, 1968). The latter 
has become the dominant equilibrium con- 
cept in this literature (see Kenneth Rogoff, 
1987). 

Phelps-Polak equilibria were studied and 
developed much further in. several influential 
articles (for example, Kydland and Prescott, 
1977; Barro and Gordon, 1983a,b); most of 
the examples, however, exhibit unique equi- 
librium solutions. Non-uniqueness was men- 
tioned in Phelps (1975) and Calvo (1978b), 
and is one of the central subjects of recent 
game-theoretic models with an infinite hori- 
zon (see Rogoff, 1987), but, in all fairness, 
it must be said that non-uniqueness tends 
to be deemed more a theoretical possibility 
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—reflecting, perhaps, the fact that the mod- 


els are not entirely correct—rather than a 


characteristic of empirically relevant models. 


The central topic of these notes is the 
discussion of a set of empirically motivated 
examples where non-uniqueness of Phelps- 
Pollak equilibria is clearly exhibited. The 
possible empirical relevance of the non- 
uniqueness issue becomes apparent when ex- 
amining the role of interest-bearing govern- 
ment debt. The events of the 1970s and 
1980s suggest very strongly that when gov- 
ernments become strapped for funds, they 
tend to rely more heavily on bonds’ issuance. 
In fact, Barro (1979) suggests that this may 
even be optimal if governments are faced 
with a temporary income fall or a temporary 
increase in government expenditures. How- 
ever, the consequent taxation postponement 
is not free from “credibility” problems: Will 
the additional debt be paid off in full, will 
the government find it optimal to resort to 
higher inflation or currency devaluation to 
diminish the burden of the debt, etc.? When 
these questions are posed in terms of more 
precise language they translate into the 
following: Is debt repudiation—directly, 
through interest rate taxes (say), or indirect- 
ly through inflation—a characteristic of 
Phelps-Pollak equilibria? Some answers can 
be found in Stanley Fischer, 1983; Henning 
Bohn, 1987; Herschel Grossman ‘and John 
Van Huyck, 1987; and literature on sovereign 
countries’ debt (see the recent survey by 
Jonathan Eaton, Mark Gersovitz, and Joseph 
Stiglitz, 1986). In this paper we pursue the 
‘discussion enquiring, specifically, whether the 
mere existence of government obligations 
may not be responsible for the existence of 
multiple Phelps-Pollak equilibria. This ap- 
pears likely to happen because expected 
(partial) debt repudiation would tend to be 
reflected in the interest rate on government 
bonds (increasing it), while the higher the 
burden of the debt, the higher would be the 
temptation to repudiate it. Thus, it should be 
possible to generate an equilibrium with low 
interest and low repudiation, coexisting with 
a high-interest, high-repudiation equilibrium. 

Our examples give a strong support to the 
above conjecture: Multiple solutions are 
possible even when our examples assume a 
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finite horizon, and the existence of govern- 
ment bonds may be the triggering factor for . 
non-uniqueness. 

The implications for policy could be 
staggering: for, our results suggest that post- 
poning taxes (i.e., falling into debt) may 
generate the seeds of indeterminacy; it may, 
in other words, generate a situation in which 
the effects of policy are at the mercy of 
people’s expectations—gone would be the 
hopes of leading the economy along an “op- 
timal” path. , 

For. the sake of the exposition, we will first 
discuss these issues in terms of nonmonetary 
models with one representative individual. 
In Section I we will examine a two-period 
model, where the debt is contracted in the 
first period and repaid in the second; taxes 
are distorting and, hence, the government 
has an incentive to renege on the debt. In 
order to get an equilibrium with positive 
public debt, we assume that debt repudiation 
is costly, and that the cost is proportional to 
the amount being repudiated. In addition, 
we assume that individuals know the rele- 
vant model; hence, since there is no uncer- 
tainty, the equilibrium net rate of interest on 
public bonds (adjusted for debt repudiation) 
equals the rate of return on capital (the 
opportunity cest of private funds). The main 
result of the section is that if an equilibrium 
with a positive public debt exists, there are 
in general two equilibrium points: a “good” 
Pareto-efficient equilibrium in which there is 
no debt repudiation, and a “bad” Pareto-in- 
efficient equilibrium where debt is partially 
repudiated. 

In Section II we focus on a monetary 
economy with non-indexed bonds. Obvi- 
ously, in this context inflation is equivalent 
to some form of repudiation, but negative 
repudiation has to be allowed for since price 
defiation cannct be ruled out. In order to 
cast the example in terms of a standard 
monetary model, we follow Barro and 
Gordon (1983a,b) and modify the previous 
model by assuming that price changes are 
costly. This is enough to give results that are 
qualitatively similar to the ones in the non- 
monetary model. Typical of a monetary 
economy, however, the two equilibria are 
Pareto inefficient. At the (relatively) good 
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equilibrium, inflation and the nominal inter- 
est rate on government bonds are lower than 
at the bad equilibrium. In addition, we show 
that if instead the nominal return on govern- 
ment bonds were fully indexed to the price 
level, then the first-best solution with pre- 
commitment can be attained, which suggests 
that, if inflation is the only means of debt 
repudiation, indexation of the public debt 
could lead the economy to a Pareto-superior 
outcome. 

In Section III the analysis is extended to 
an open economy: where foreigners hold a 
positive share of total public debt. The main 
purpose of this short section is to establish a 
link with the relatively well-developed theory 
of sovereign borrowing: We show that multi- 
ple equilibria still can occur in this new 
context, and that the effect on the bond 
interest rate of increasing foreigners’ par- 
ticipation in that market depends on whether 
the economy settles down to the good or to 
the bad equilibrium. 

Finally, Section IV summarizes some of 
the central findings, and discusses some ex- 
tensions and suggestions for further re- 
search. i: z 


I. Debt Repudiation 


There are two periods: period 0 and period 
1, and two types of agents: identical com- 
petitive consumers (or individuals) and the 
government. In period 0 the government 
borrows b per capita units of output with a 
(gross) interest.factor’ R,, that is, in period 
1 consumers will receive R, units of output 


per unit of bond they hold and which has not 


being repudiated. Therefore, if consumers ex- 


pect that a proportion @ of total bonds will. 


be repudiated, 0 < @ <1, the net interest fac- 
tor would be? 


(1-6)R,. 


*Let r be an interest rate; we define the correspond- 
ing, interest factor as (l+ r). 

Repudiation is a catchall word in this paper that 
includes anything from open repudiation to a tax on 
interest. 
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We assume consumers can accumulate 
physical capital with a constant net interest 
factor equal to R>1; hence, in a perfect 
foresight equilibrium with positive stocks of 
capital and government bonds, consumers 
should be indifferent between these two types 
of assets, and, consequently 


(1) (1—6)R,=R. 


The budget constraint of the government 
in period 1 is 


(2) x=(1-6)bR,+¢+a6bR,, 


where b, x, and g are the per capita stock of 
bonds, taxes, and government expenditure, 
respectively, and a stands for the per capita 
cost per unit of repudiated debt? (0 < a <1). 
Thus, in other words, taxes are required to 
finance debt repayment, (1— 6@)bR,, govern- 
ment expenditure, g, and the costs of debt 
repudiation, a@bR,. Furthermore, we as- 
sume that g is exogenous.* 


By (2), 
(3) 6bR,= 


In period 1 individuals consume all of 
their wealth; thus, assuming that govern- 
ment expenditure does not directly affect 
private consumption in period 1, c, we have 


(4) c= y—z(x)+kR+(1-6)bR,-—x, 


where y is endowment income, z(x) is a 
function representing the “deadweight” cost 


%x could be thought of as transactions costs associ- 


ated with debt repudiation (legal fees, etc., when repudi- 
ation is open). In Section IV other types of costs are 
discussed. It should be stressed, however, that in this 
paper we are interested in examining the “mechanics” 
associated with these types of costs as a prelude to a 
more substantive analysis where those costs will be 
subject to a closer scrutiny. 

In a more realistic model, the expected net return 
on capital will also be a function of expected govern- 
ment policy (through expected capital levies, for exam- 
ple). The relationship betweer the latter and “capital 
flight” has recently been explored by Eaton (1987). 
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of taxation,” and k is per capita physical 
capital. We assume 


(Sa) z(0) = z’(0) =0, 
(5b) z”(x}>0 forall x, 
(5c) lim z’(x)=o=-— lim z’(x). 
X-> oO X> — o 
The last Inada-type condition will simplify 


the presentation of our results. 
Employing (3) in (4), we get 


(6) c=y—z(x)+kR+bR, 
-(bR,+g-x)/(1-a)-x 


Consequently, a “benevolent” government 
that tries to maximize ¢ in period 1 subject 
to its budget constraint, (2), and taking R, 
as given (recall that, by assumption, R, is 
negotiated at time 0), will choose x so as to 
minimize 


(7) 2(x 





subject to (2), and 0 < @ <1. In other words, 
the problem is to minimize (7) by choosing x 
such that the associated @ in budget con- 
straint (2) is in the interval [0,1]. This condi- 
tion is equivalent to restricting x in the 
following manner, 


(8) g+abR,<x<g+bR,. 


Notice that the left-most expression in (8) 
corresponds to total debt repudiation, 6 =1, 
in which case taxes are equal to government 
consumption, g, plus the cost of total re- 
pudiation, abR,. On the other hand, the 
right-most expression corresponds to no re- 


“Alternatively, one could follow Barro (1979) and 
assume z(x) measures tax collection costs; under this 
interpretation, z(x)} should be included in the RHS of 
(2). 

°There is no real need to keep track of the nonnega- 
tivity of c, because in this model one can always ensure 
that by setting endowment income, y, sufficiently large. 
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pudiation, 8 = 0; thus taxes have to be equal 
to g plus debt repayment. 

For the sake of definiteness, we will as- 
sume g>0 and b>0, unless otherwise 
stated; thus, by (5), if R, > 0 (the only rele- 
vant case for the model of this section), the 
minimization of (7) subject to (8) is attained 
at some unique x> 0. Notice that, due to 
(8), the solution will depend on g, and, most 
importantly for our discussion here, it will 
also depend on R,, the interest factor on 
bonds (which, as argued above, is a prede- 
termined variable in period 1). 

The maximum problem for the govern- 
ment in period 1 is depicted in Figure 1.’ In 
the figure we portray the two functions asso- 
ciated with constraint (8). Given R,, the 
government is thus constrained to choose x 
between the two straight lines stemming from 
g on the vertical axis. If x* is located as in 
Figure 1, the government will be able to 
attain the unconstrained maximum x*, if R, 
lies between R and R (see Figure 1). On the 
other hand, if R, < R, the maximum will be 
attained on the upper bound (where there is 
no repudiation, § = 0), while if R, > R, the 
maximum lie on the lower bound (where 
repudiation is total, @=1). Consequently, 
the set of best responses or “reaction func- 
tion” for the government in period 1, given 
R,, is depicted by the heavy line of broken 
segments in Figure 1. Notice that when R, 
< R the government will be induced to re- 
pudiate none of its debt (i.e., set 8 = 0), 
whereas if R> R repudiation will be total 
(i.e., @=1). In between R and R, repudia- 
tion will be partial, and—by (2), and recal- 
ling that in this region x = x*—the repudia- 
tion share, @, will increase with R,; thus, in 
other words, the optimal repudiation share in 
period I is an increasing function of the inter- 
est rate contracted in period 0. 

We will be interested in an equilibrium 
concept in which individuals at time 0 are 
able to predict the optimal government policy 
in period 1 (ie., the optimal government 


TI am very grateful to Elhanan Helpman for suggest- 
ing Figures 1 and 2,.which greatly improved the intui- 
tive appeal of the presentation. 
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FIGURE 1. DETERMINATION OF GOVERNMENT’S REACTION FUNCTION IN 
PERIOD 1 


decision about x and @ at time 1 as dis- 
cussed above) with perfect certainty. Under. 
these circumstances (1) holds and, hence, by 


(2), | 
(9). x=g+ a- a)bR + abR,. 


The latter is a “consistency condition” that 
must be satisfied by the government’s budget 
constraint at equilibrium, where, by defini- 
tion, the public can predict exactly the re- 


pudiation share, @, and it is indifferent be- 


tween holding bonds or capital (1.e., equa- 
tion (1) is satisfied). Notice, incidentally, that 


since ĝ is nonnegative, (1) implies that equa-’ 


tion (9) is only relevant over the range where 


R,2=R, that is, where the interést rate on 


public bonds exceeds or canals that of physi- 
cal capital. 

The.consistency condition aid the govern- 
ment’s reaction function are depicted in Fig- 
ure 2 for the case in which x*> g+ bR. 


Equilibria are found at points of intersec- 


tion; in the present case these are E° and 
E?. At E? the interest factor on bonds, R,, 
is equal to that on capital, R, meaning that 
the public expects no repudiation: on ‘the 
other hand, the government’s optimal re- 
sponse in period 1 is to set: x= g+bR, 
which, as indicated in Figures 1 and 2, lies 


on the no-repudiation section of its reaction 
function. Expectations are, thus, fulfilled. 
Notice that at this equilibrium solution the 
government would wish to increase x above 


` g+bR and toward x*, but that is impossi- 


ble because it would call for setting 0 <0 
(negative repudiation), -which has been ruled 
out by assumption.? 

In the other equilibrium, Æt, repudiation 
is partial and, thus, the associated interest 
factor, denoted R} in Figure 2, is larger than 
that on capital, R. At this equilibrium, the 
government is able to attain the uncon- 
strained optimum value of x, x*. 

‘Our previous discussion covered the case 
in which x* > g + bR. If, contrariwise, x* < 


. g+ bR, the curve depicting the consistency 


condition would stem from a point like A in 
Figure 2; it is easy to see that the latter and 
the government’s reaction function will never 


- "This type of constraint will be relaxed in Section II. 
However, one simple way to extend the present example 
to allow for 0 <0 would be to assume that negative 
repudiation is also costly. It is easy to see that this 
would remove any incentive from the government at 
time 1 to set ĝ <0, because the latter would involve 
bigger tax distortions and repudiation costs than if 


— 
= 
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+bR, - 
P b 


> a 


GOVERNMENT'S REACTION 
FUNCTION IN PERIOD 1 


CONSISTENCY 
CONDITION 


FIGURE 2. DETERMINATION OF EQUILIBRIUM 


cross, because the slope of the consistency- 
condition curve is equal to that of the right- 
most section of the reaction function. Conse- 
quently, there is no equilibrium with a 
positive stock of bonds. 

Finally, in the borderline case where x* = 
g + bR, equilibrium is unique and Ri = 
R. The following proposition summarizes our 
findings: 


PROPOSITION 1: If x*>.¢+5R, then 
there exist two equilibrium solutions; one of 
the solutions exhibits no repudiation, while in 
the other the public debt is partially repudia- 


ted. On the other hand, if x* < g + bR, there 


is no equilibrium, and in the borderline case 
that x* = 9+ bR, equilibrium is unique and 
there is no repudiation. 


Our model has several interesting implica- 
tions. In the first place, notice that, by (7), 
x* is an increasing function of the cost of 
repudiation, a; hence, given the initial stock 
of debt, there is some critical value for the 
cost of repudiation below which no equi- 
librium with a positive amount of bonds 
would exist. The possibility of nonexistence 
of equilibrium is intuitively clear for the case 
a= Q; for, a benevolent government would 
repudiate 100 percent of the debt given that 


there are no direct repudiation costs, and 
that setting 6 =1 eliminates the deadweight 
cost of taxes required to service the debt. 
But, of course, this cannot be an equilibrium 
with a positive stock of bonds. In addition to 


confirming this basic intuition, our example _ 


shows that the nonéxistence problem could 
arise with a positive a, and that the critical 
value for the latter depends positively on the 
value of the outstanding debt.. , 


The most important implication -of the - 


analysis; however, is that problems do not. 


necessarily go away when repudiation costs . 


are set above the critical level; for, in such a 
case the economy will normally exhibit two 
equilibria: a nonrepudiation equilibrium in 


which taxes equal g + bR (recall Figure 2), - 


and another equilibrium in which the debt is 
partially repudiated and taxes are set at x* 
>g+bR. Notice that, by (1) and (4), in 
equilibrium we have 


(10) c=y—z(x)+(k+b)R-x. 


Therefore, these two solutions can be 
Pareto-ranked, and the nonrepudiation solu- 


tion is the dominant one. Unfortunately, - 


however, withcut further restrictions the 
economy could end up at any one of these 


as 


VOL. 78 NO. 4 


equilibria. The*interest factor in the “good” 
equilibrium is always R; however, the value 
of R, and @ at the “bad” equilibrium (£7 
in Figure 2) are sensitive to changes in b. 
Somewhat paradoxically, as it can easily be 
established employing Figure 2, at the bad 
equilibrium the bond interest factor is smaller 
the larger is the total outstanding government 
debt. It should be noted, however, that the 
consumption cost. of being at the bad equi- 
librium is independent of total debt? (be- 
cause x = x*, and the latter does not depend 
on b). But, on the other hand,.x* depends 
positively on a; therefore, our analysis re- 
veals that while repudiation costs are im- 
portant for ensuring the existence of equi- 
libria with a positive stock of bonds, by (5), 
(7),.-and (10), the larger. are the repudiation 
costs, the larger will also be.the consumption 
cost associated with the bad equilibrium. 
Thus, although increasing the costs of repudi- 
ation. enhances the “credibility” of the govern- 
ment in the capital markets, the latter may be 
bought at the cost of lower consumption if the 
economy ends up at the bad equilibrium. 

The way the above “game” has been 
structured is consistent with situations in 
which the government at time 0 auctions off 
b, and lets the market free to. determine the 
associated interest factor, R, An alterna- 
tive’? would be for the government at time 0 
to refuse to.sell bonds at interest factors 
which: are equal to or exceed. R}, (recall 
Figure 2). Thus, under our assumptions it 
follows. that the only possible equilibrium 
would be R,=-R, the first best. This is an 
important observation which suggests that 
free auctioning of the public debt may be 
dominated by a system in which the govern- 
ment stops selling bonds after the implied 
interest rates go beyond certain. bounds. This 
observation will take up further relevance 
when we discuss it in the context of the next 
section. 


°This invariance does not hold in the model dis- 
cussed in Section IV. 

‘This fine point was suggested to me by Assaf 
Razin. 
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Ii. Money and Non-Indexed Debt 


The concept of partial repudiation takes a 
more familiar form in the context of a mone- 
tary model, because when variables are ex: 
pressed in real terms, changes in the rate of 
inflation imply changes ; in the real value of 
assets which are not indexed to the price 
level. Two important assets of this kind are 
(high-powered) money and nominal govern- 
ment debt. The literature has paid a great 


-deal of attention to the former (for example; 


Barro .and Gordon, 1983a,b); Lucas and 


-Stokey,. 1983; Calvo (1978a,b), but there is 


growing awareness about the importance of 
understanding the role of nominal debt- (for 


example, Henning Bohn 1987; Grossman, and 


Van Huyck, 1987; Persson, Persson, and 
Svensson, 1987). As far as I know, however, 
none ofthe available papers addresses the 
issue of non-uniqueness of equilibria, which 
is the main focus of-the following discussion. 

To minimize the use of new notation, we 
redefine R, as the nominal interest factor on 
nominal non-indexed bonds (i.e, R,=1+i, 
where i is the nominal interest rate from 
periods 0 to 1). Thus, if we let P, stand for 
the price level in period ¢=0,1, then the 
real interest factor on period-0 bonds would 


be 


(11) RyPo/Py. 


We can, therefore, think of the ratio P,/P, 


as the share of the debt which is not repudia- 
ted in period 1;-hence, using the notation of 


previous section, we will write 


(1-4). 


We define the rate of inflation between 
periods 0 and 1, 7, as follows, 


(12) Po/ P= 


Pi- Py 


(13) m P, 





Thus, by (12) and (13) 


r 
ltr 





(14) 0 = 
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Consequently,- each rate of inflation, 7, —1 
<q, is associated with a unique rate of 
repudiation, @..We are thus. entitled to- carry 
out our discussion in.terms.of 0 instead of 
a. Notice, however, that contrary to the pre- 
vious section, @ could be negative because it 
is only constrained to satisfy 


(15). —o<6@<l. 


In line with our previous résults, it is easy 
to convince oneself that if the costs of infla- 
tion /repudiation are nil, then a social welfare 
maximizer will repudiate 100 percent of the 
debt, that is, he will set: @=1—or, equiv- 


alently, a = 00. Therefore, the existence of a- 


well-defined interior equilibrium solution re- 
quires, once again, the introduction of (so- 
cial) repudiation costs. As a matter of fact, 
one could translate the model of Section II 
in monetary terms using (14), and interpret 
those costs as being related to, for example, 
the Olivera-Tanzi effect. However, I believe 
it will be more useful to develop the analysis 
in terms of a more conventional monetary 
model in which inflation costs directly affect 
the consumers’ utility functions (see Barro 
and Gordon, 1983a,b); and where explicit 
account is taken of the inflation tax on 
high-powered money. _ 

Let the supply of high-powered money in 
period t, t= 0,1, be denoted by M,. For the 
sake of simplicity, we assume that the mone- 
tary authorities can directly determine the 
price level P, by, for example, setting the 
exchange rate. Furthermore, we assume that 
the demand for money satisfies?! 


(16) M/P=k, «>0 


The revenue from inflation-is convention- 
ally defined as the amount of real resources 
that the government can obtain by the asso- 
ciated sale of high-powered money; thus, in 


‘The following simple form is sufficient for convey- 
ing the central insights of this section. Extensions are 
possible; however, see fn. 14. 
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period 1 it would be given by 
M, — Mo 
P, . 
= {M,/P;)~ (Mo/P5)(Po/?i) 


= ké, 


(17) 


where the last equality follows from (12) and 
(16). 

The government budget constraint in 
period 1 is. given by 


(18) © x=(1- 6)bR, +g — «0. 


This is similar to (2) above, except that infla- 
tion is- assumed not to be costly for the 
government, and the inflation tax is sub- 
tracted from total government expenditure 
(inclusive of debt service) in order to calcu- 
late the amount of required conventional 
taxes. . 

_ Efféctive consumption, c, is defined as fol- 
lows, 


(19) c=y—2z(x)+kR+(1—6)bR, 
—~x— «9 —0(0), 


where 3t(-) is the inflation-cost function. 
Again, this is very similar to (4) above, ex- 
cept that we have quite naturally subtracted 
the inflation tax, and, as discussed at the 
outset, we assume that inflation is reflected 
in a direct welfare cost for consumers. 

We assume 


(20a) NCO) = (0) à 0, 
(20b) ’(6)>0 forall ð. 


We will first study the optimal problem 
with precommitment, that is, the problem of 
maximizing c with respect to @ in period 0. 
Since-we maintain the assumption of perfect 
foresight, equation (1)——the Fisher equation 
~~holds. Therefore, the above-mentioned 
problem can be formally stated as follows: 


Maxc, 
8 <i 





T 
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subject to (1), (18), and (19). The latter: is 
equivalent to 


(21) Min [z(g + bR~ «b)+ R(E), 


which, by (5) and (20) has a unique solution, 


-= denoted @F8 (for “first best”). Since the 


function in (21) is strictly convex, one can 
readily prove the following useful Popor 
tion: 


PROPOSITION 2: Assume that (1) holds, 
and let c' be the effective consumption associ- 
ated with 0f, i=1,2; then, if 08 < 0! < 97, 
we have that c° < ct. 


In other words, the above: proposition: 
‘states that if inflation is higher than its first- 


best level, then social welfare—as measured 
by effective consumption— is a decreasing 


` function of inflation. 


We now turn to the second-best situation 
which is the focus of our analysis. The 
government is not able to precommit the 
inflation level, and, therefore, the govern- 
ment maximizes social welfare in period 1, 


taking the interest rate factor R, and period-. 


0 inflationary expectations as given. Recall- 
ing (19), this problem is equivalent to 


(22) Min F(@; R,) 
. <1 


= Min [z(g+b(1—0)R,— 0) + 2(8)]. 


Notice that in the first-best problem (21) the 
- government takes (1) into account because it 


is maximizing from the perspective of period 


`- 0 and consumers would not be in an (inter- 


ior) equilibrium if the Fisher equation does 
not hold. In (22), however, the government 
controls 0 taking R, as given, because it 
maximizes effective consumption in period 1 
in an environment in which R, has been 


This is like the optimization problem examined in 
Phelps (1973). Its solution differs from Milton Fried- 
man’s Optimum Quantity of Money (@ = 0 in the pres- 
ent context) because, contrary to eae we assume 
taxes are distorting. 


(24) 
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negotiated in the previous period (i.e., period 
0), and, by assumption, R, is not conungeni 
on future policy or events. 

By (22), at an interior’? (oid -best) op- 
timum we have 


(23) R=- z'(x)(bR, +«)+ 2/(6) =0, 


implying, by (5) and (20) that optimal @ > 0. 
The second-order condition is always sat- 
isfied because F. is strictly convex with re- 
spect to 6. Also, notice that, by (5) and (20), 
the minimization problem (22) always has a 
solution, and by strict convexity, the solu- 
tion is unique; we denote it 85B (for “second 
best”). By (23), there exists some function 
(-,°), such that 


g = peke) 


where signs over the variables indicate those 
of the corresponding partial derivatives at an 
interior solution. Consequently, the (sec- _ 
ond-best) rate of inflation is an increasing. 
function of nominal debt service, bR,, and 
government expenditure, g. 

An important implication of the above is 
that if there exists a positive stock of govern- 
ment bonds, b, then 85B is an increasing 
function of the nominal interest rate factor, 
R,; but, by Fisher equation (1), equilibrium 
@ is also an increasing function of R, and 
thus—like in Figure 1—the two schedules 
(i.e., the government’s reaction function ọ 


and the Fisher equilibrium relationship) are 


upward ‘sloping, which, once again, opens 


the door for multiple equilibria. 


It is important to notice that in the ab- 
sence of government debt (i.e., b = 0), equi- 
librium will be unique because 6S would be 
independent of R,. Thus, in the present sim- 
ple context, the "familiar inflation tax on 
high- powered money plays 1 no significant role 
in oe non-uniqueness. 


31m what follows we will concentrate on interior 

solutions (.e., °@ <1), corresponding to cases in which 
the, inflation rate is less than infinity (recall (14)). 

4 This result could be extended to the case in which 

the demand for money is sensitive to the rate of interest - 
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In order to complete the non-uniqueness 
argument, the next step will be to show a- 
simple example of non-uniqueness when.b > 
0. Consider the case in which 


(25) N(d) = Ega, 


Therefore, by-(1) and (23), we’ have 


(26) ey PRR Ie 


and, by (1) and (18), we get 
(27) x= bR+g—K0. 


Equilibrium relationships (26) and (27) are 


_ depicted in Figure 3 for the limit case in 
which the demand for money is: zero, that is, 


k=0. By continuity, it is quite clear that 


multiplicity of solutions would continue to. 
hold for xk in some neighborhood of 0.-It 1s, . 


however, ‘very interesting to note that in the 
present example Uniqueness | would prevail if 
K is sufficiently large.! This is perfectly con- 


sistent with our previous observation that: 


the existence of high-powered money is con- 
ducive to uniqueness. The result is also highly 
suggestive; since the value of x may have a 
lot to do with the inflationary history of a 
country, the above result indicates that mul- 
tiple solutions. may be a bigger problem for 
countries which have recently aeren from 
high inflation.16 


if the elasticity of z’(x) with respect to x is less than 
unity, and the inflation tax does not exceed regular 
taxes, the normal case. Our proof, however, relies on the 
existence of more than two periods, and will, therefore, 
not be presented here. For an infinite-horizon model of 
non-uniqueness along the present lines, but without 


| government bonds, see Maurice Obsfeld (1988). 


`The exact condition is «> bR + g, that is, real 
monetary balances must exceed total government ex- 
penditure, including the ination ausia service on 
the public. debt. 

This‘ point emerged during. a useful conversation 
with. Sweder van: : Wijnbergen. - 


By (21), the first-order condition A a 
first-best optimum is 


(28) ~2'(g+bR-kO)k+ N (8) =0. 


Thus; recalling that in- Section. n we assumed 
g>0 and b>0, we have 63 >0. On the 


‘other ‘hand, ‘recalling (18), the first-order 


condition for a second-best optimum is at 
equilibrium-——that is, when (1) holds— 


(29) —2'(g + bR—«0)(bR+«) 
E +R(8J=0. 


Notice that, by (5), (20), (28), and (29), the 
first-and second-best -optima satisfy «6 < g 
+ bR, implying that.in neither one of these 
optima will the inflation tax: be enough to 
finance total government expenditures. Con- 
sequently, by (5), (20), (28), and (29), -we 
have, at Papiu beum; 


(30) 95B > g FB, 


In other words, we have shown that optimal: 


inflation with precommitment is lower than 
in‘any of the equilibrium solutions obtained 
under no precommitment. Consequently, re- 
calling Proposition 2, we deduce that equi- 


libria without precommitment canbe ranked- 


according to their associated inflation rates: 
given any two of these equilibria, the one 
exhibiting the largest rate of inflation yields 
the smallest social welfare (as measured by 


effective consumption, see (19)). In terms of 
the example associated with Figure 3, there-. 


fore, we are entitled to call A the: “good,” 
and 0? the “bad” equilibrium.!” 


Price indexation of government debt has 


important effects on this economy ‘since it 
removes the inflation incentives associated 


with the debt burden. With full-price indexa- - 


‘17 yfultiple equilibria is by no means a necessary 
feature of these models. POE would, in fact, 
prevail if, for example, N (0) = 74; the latter is related 
to the work of Barro and Gordon (1983a;b) and Bohn 
(1987). For a somewhat detailed discussion of these 
issues, see Calvo (1987). 
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FIGURE 3. MONETARY EXAMPLE 


tion and an interest-insensitive demand for 
money (ie., constant x, as in the present 
model), it is easy to see that the no precom- 
mitment equilibrium coincides with the first 
best.}® 

An alternative to indexation—which was 
discussed at the end of Section I—is to put 
bounds on interest rates; this could ensure 
that the solution settles at @° in Figure 3 
rather than at 6!. However, one can easily 
show that such a solution is inferior to bond 
indexation, because the latter results in lower 

inflation’? (recall Proposition 2 and (30)).”° 


8Indexation would not suffice for attaining the first- 
best solution if the demand for money is sensitive to the 
rate of interest. I conjecture, however, that there are 
relevant examples where one could still show that debt 
indexation increases social welfare. 

This is not intended to be a thorough analysis of 
the welfare economics of bond indexation since there 
are some important aspects of the issue which have not 
been taken into account. For example, as pointed out to 
me by Nissan Liviatan, it has been argued that indexa- 
tion may reduce the base of the inflation tax because in 
such a case bonds become better substitutes for domes- 
tic money. This aspect is not covered by our discussion 
because x was assumed to be independent of the degree 
of indexation. 

Bounds on interest rates may be particularly dif- 
ficult to implement when there exists an active private 
capital market. See Calvo (1987) for some discussion on 
this issue. 


As the example depicted in Figure 3 shows, 
an increase in the cost of inflation G.e., an 
increase in £, recall (25)), has ambiguous 
results on welfare. A rise in B causes the 
curve in Figure 3 to shift upward, raising 
inflation in the bad equilibrium, and lower- 
ing it in the good one. Clearly, net consump- 
tion, c, will decrease in the bad equilibrium 
(because B and inflation go up). In the good 
equilibrium (i.e., 8°),-on the other hand, the 
picture is less clear, because inflation goes 
down, which tends to be welfare improving. 
However, if «=0, a simple manipulation 


using (26) and (27) shows that welfare in- ` 


creases with 8. Thus, as in Section I, the 
effects of increasing the costs of inflation /re- 
pudiation: are ambiguous: they could be 
welfare-improving in the good equilibrium, 
but they definitely lower welfare in the bad 
equilibrium. 

Our example sheds some light on the issue 
studied by Bennett McCallum (1984) of 
whether monetary policy could be separated 
from fiscal considerations. His discussion has 
to do with the long-run (literally when t > 
00) feasibility of -policies that keep: money 
supply at a constant level while running a 
fiscal deficit. In our model the relationship 
between the rate of inflation and fiscal policy 
is very direct for the case of non-indexed 
bonds (still the dominant kind of govern- 


, 
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ment bonds in the United States and several 
other countries), and confirms and comple- 
ments McCallum’s insight that there are no 
grounds for expecting fiscal policy to have 
no monetary implications even though, for 
instance, the monetary authority promises to 
keep a constant price level (or a constant 
money supply in a setup where the latter is 
explicitly modeled). In our model this hap- 
pens because the government may not com- 
mit itself credibly to zero inflation in the 
presence of non-indexed debt, since the level 
of the latter determines the set of equi- 
librium inflation rates that could be sus- 
tained ex post.*! This relationship between 
the stock of government bonds and inflation, 
incidentally, will hold true even when the 
equilibrium is unique (see Bohn, 1987). 

Our results add a pessimistic note to the 
view that price controls might help leading 
the economy to the “good” solution,”* which 
appears to have played some role in the 
design of the recent “heterodox” stabiliza- 
tion plans in Argentina, Brazil, and Israel. 
This is so, because in our example the 
government has direct control on the price 
level, but, once again, non-uniqueness arises 
due to the fact that its ex post behavior is 
not immune to ex ante expectations. AS a 
matter of fact, our previous discussion sug- 
gests that interest-rate pegging of some sort 
may be as much a crucial ingredient of a 
credible stabilization effort as price controls 
are, and that interest rate pegging could in 
some occasions be all that is needed for 
credibility. 


Ill. International Debt. A Short Detour 


Borrowing and lending among sovereign 
states has recently recetved considerable at- 
tention (see, for instance, the recent survey 
by Eaton, Gersovitz, and Stiglitz, 1986), so a 


?!Notice that our arguments establish a link between 
the stock of non-indexed debt and inflation,.in contrast 
with McCallum (1984) who emphasized the relation 
between fiscal deficits and inflation. 

For recent models that could be employed to sup- 
port that point of view, see Michael Bruno and Fischer 
(1985) and Miguel Kiguel (1986). - 
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few words establishing the connection be- 
tween the present paper and that type of 
literature may be in order. 

A common characteristic of our examples 
is that the “size of the penalty” (i.e., the cost 
of repudiation) is a function of the degree of 
repudiation; in the example of Section II the 
cost was proportional to the value of the 
debt, whereas in that of Section III the cost 
was simply a function of the fraction that 
was repudiated. In the international debt 
literature, on the other hand, it is typically 
assumed that the cost of repudiation bears 
no relationship to the size of the debt. This 
explains why it was relatively so easy for us 
to generate multiple equilibria while in that 
literature equilibrium is typically unique.” 

The presence of foreign debt adds an in- 
teresting twist to our previous models. Thus, 
for example, we could assume that only a 
proportion y, 0<y<1, of the total public 
debt is owned by domestic residents, while 
(1— y) is owned by foreigners whose welfare 
is of no concern to the local authorities. 
Thus equation (4) now becomes 


(4’) c=y—z(x)+kR 
+ y(1—@)bR, — x, 


and (19) is similarly modified. One can now 
examine the relationship between y and the 
equilibrium outcomes. This is a straightfor- 
ward exercise which, however, shows that _ 
the results depend very strongly on the 
model. In the model of Section J, an increase 
in foreign ownership of the public debt (i.e., 
a fall in y) induces a fall in the bond interest 
rate at the bad equilibrium, but no change at 
the good one. On the other hand, in the 
monetary mocel of Section II (with « = 0), 
interest rates in both equilibria are affected, 
rising in the bad equilibrium and falling in 
the good one. There does not seem, there- 
fore, to be a clear-cut relationship between 
the participation of foreigners in the official 


an exception is the recent work of Eaton (1987), 
where, however, the issue of debt repudiation is not 
central to the analysis. 
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bonds market, and the degree of repudiation 
or inflation. 


IV. Concluding Remarks 


The central message that comes across this 
paper is that expectations may play a crucial 
role in the determination of equilibrium when 
the government debt is auctioned off to the 
public, and there is no attempt to manage 
expectations or to peg interest rates on the 
government debt. In our examples, we saw 
that the nominal interest rate is not simply a 
passive reflection of people’s inflationary ex- 
pectations, but rather that the nominal inter- 
est rate is actually one of the main determi- 
nants of inflation. Consequently, a credible 
anti-inflationary policy would have to imple- 
ment rules to prevent nominal interest rates 
to become unduly high. The two simple 
mechanisms that were suggested in our dis- 
cussion were: (a) price indexation of the 
public debt, and (b) refraining from issuing 
new government bonds when their interest 
rate exceeds some well-defined bounds. In 
more general terms, however, our discussion 
pointed out to the advisability of govern- 
ments taking a more active stance on nomi- 
nal interest rates. In my opinion, this impli- 
cation of the formal analysis is likely to be 
particularly relevant in situations where the 
stabilization program is launched in the 
midst-of very high inflation. 

The analysis has been conducted in terms 
of models with one representative consumer 
because so much of the related literature has 
been couched in this form (prominently 
Barro, 1979; and Lucas and Stokey 1983). 
However, I suspect that one of the important 
reasons for debt repudiation to be costly 
(other than due to “reputation” costs) is the 
fact that not all individuals are alike and, 
therefore, the incidence of repudiation is not 
uniform.” Consider, for example, a model 
of the type discussed by Thomas Sargent 
and Neil Wallace (1982) where only a sub- 
set of total population holds non-interest 


*4See Carol Rogers (1986) and Calvo and Obstfeld 
(1988) for models which highlight the link between time 
inconsistency and wealth distribution. 
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bearing public debt (cash, say), while the rest 
of society holds high-denomination non- 
indexed bonds. For the sake of the argu- 
ment, suppose, in addition, that everybody 
pays the same amount of taxes. Clearly, if 
the planner adheres to utilitarian principles, 
for example, debt repudiation could be costly 
(or beneficial), because the latter would be 
an instrument of wealth redistribution. In 
that context, the planner may end up re- 
pudiating less than 100 percent of the debt 
(held by the “rich,” say) because of the loss 
it would cause cash-holders (the “ poor”). I 
think the analysis of these types of models 
should provide us with a deeper understand- 
ing of these issues. It is my feeling, however, 
that the central insights of this paper will 
carry over to those models. 

Another interesting extension would be to 
introduce uncertainty. Notice, first, that the 
above two-period examples would not ex- 
hibit random equilibria, because once the 
interest rate is determined in period 0, there 
exists only one optimum response for the 
government in period 1. An easy extension, 
however, would be to make the repudiation 
cost, a, random. Thus, if individuals are risk 
neutral, for example, R, times the expected 
repayment share would in equilibrium equal 
the interest factor on capital R; the repudia- 
tion shares for each state of nature, on the 
other hand, would depend on R, (as in our 
previous analysis). Therefore, the equiltb- 
rium values of R, will be deeply intertwined 
with the probability distribution of a. Clear- 
ly, since R, is just one number, we will 
observe situations where ex post the actual 
net return on bonds exceeds (or falls short 
of) that of physical capital. Consequently, 
these models could help explain phenomena 
like the high ex post real interest rates ob- 
served at the beginning of anti-inflationary 
programs (see, for instance, Rudiger Dorn- 
busch, 1985, and Jeffrey Sachs, 1986). 

Finally, an important extension of the 
analysis would be to allow for more than 
two periods,” and the simultaneous ex- 
istence of explicit repudiation (for example, 
interest rate taxes) and inflation. 


25 Eor some progress on this front, see Calvo (1987). 
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Social Contracts as Assets: A Possible Solution 
to the Time- gonsisieney Problem 


By LAURENCE J. KOTLIKOFF, TORSTEN PON. AND LARS E. O. SVENSSON* 


We present a new solution to the time-consistency problem that appears capable 
of enforcing ex ante policy in settings where other enforcement mechanisms do not 
work. The solution involves a social contract that specifies the optimal ex ante 
policy and is effectively sold by successive old generations to successive young 
generations, who pay for the social contract through intergenerational transfers. 
Both old and young generations have an economic incentive to ae the social 


contract. 


The requirement that policies be ex post 
optimal, or time consistent, in general leads 
to outcomes that are suboptimal relative to 
those that binding commitments would sus- 
tain. A classical example, considered by 
Stanley Fischer (1980), is capital taxation in 
a two-period model. A second-period capital 
levy is first best from the perspective of 
period two, but third best from the perspec- 
tive of period one. If there is nothing to 
enforce a government commitment against 
second-period capital taxation, the ex post 
desire to engage in first-best taxation drives 
the economy from a second-best to -a third- 
best outcome. 

Researchers have suggested a variety of 
ways to enforce commitment to ex ante op- 
timal policies. Finn Kydland and Edward 
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Prescott (1977) argue for rules rather than. 
discretion. A number of writers—see Ken- 
neth Rogoff (1987) for a survey—1introduce 
government reputation as a mechanism to 
enforce commitment. Robert Lucas and 
Nancy Stokey (1983),.and Mats Persson, 
Torsten Persson, and Lars Svensson (1987) 
show that, assuming partial commitment to 
honoring its bonds, governments can deter: 
deviations from ex ante policies by devising 
financial instruments whose: market. values ` 
fall if ex pest policy deviates from ex ante — 
policy. | 
This paper serene a solution to the 


: time-consistency problem that appears capa- 
_ ble of enforcing ex ante policy in a variety 


of settings in which other enforcement mech- 
anisms do not work. The solution involves 
formulating a “social contract” (or institu- 
tion or agreement) that specifies the ex ante ` 
optimal policy and that can be “sold” by 


‘ successive old generations to successive 
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young generations. Each young generation ai. 


pays for the social contract by paying a 
larger share of taxes than it-would otherwise 


‘do. Both old and young generations have an 


economic incentive to fulfill the social con- 
tract. For the old generation that owns the 
social contract, breaking the social contract 
makes it valueless, and the generation suffers 
a capital loss. For the young generation the 


‘Persson (1988) gives a broad survey of recent re- 
search on time-consistency (credibility) problems. 
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economic advantage of purchasing the social 


. contract-exceeds its price as well as the eco- 


7 


nomic gain from setting up a new Socal 
contract. 

Fischer’s model extended to ce over- 
lapping generations provides a convenient 
device for illustrating the potential asset na- 
ture of social contracts. Assume, to keep 
matters simple, that only the elderly con- 
sume the public good. Since the old .and 
young have no common interests they live 
side by side, but have separate governments 
called .councils. These councils are dem- 
ocratically elected each period, and since the 


members of any generation are identical, 


each council simply carries out the current 
unanimous wishes of its constituents. Each 
generation’s council has the right to tax its 


constituents and is obliged to supply the 


public good when its constituents are old. In 
fact our: model makes each generation com- 
pletely economically independent. This fea- 
ture of the model obviously abstracts from 


important aspects of actual policymaking 


problems. But we wish to focus here on the 


role of social contract in enforcing desirable 


policies. from -an efficiency point of view. 
This is best done. by abstracting from redis- 


- tribution directly by taxation of other gener- 


ations, and indirectly ‘by policy-induced 
changes in factor prices. 

Assume now that the ex ante second-best, 
but time-inconsistent tax structure involves 
relatively low capital taxation. In contrast, 
the third-best, time-consistent tax structure 
clearly involves. higher capital taxation, be- 
cause each individual when old will wish his 
council to levy an ex post nondistortionary 
tax on capital. Since the capital tax will be 
anticipated when young, saving will be dis- 
torted, implying a third-best rather than sec- 
ond-best level of welfare. 

In this model each generation is self- 
governing and cannot be bound by any 
“rules.” Reputation in the context of incom- 
plete information about the policymaker—as 
in David Backus and John Driffill (1985)— 
requires, as far as we can see, the policy- 
maker to be an agent separate from its con- 
stituency. In our model we consider the 
government simply as a representative of its 
constituency, with the same preferences as 
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the identical consumers it represents. Repu- 
tation, in: the incomplete-information inter- 
pretation therefore does not work. Reputa- 
tion in the context of complete information 
about the policymakers—as in Robert Barro 
and David Gordon (1983)—requires the 
policymakers, planning horizon to be effec- 
tively infinite. Thus, it does not work here 
since policymakers solely represent their 
generation who has a finite horizon. Never- 
theless, our solution resembles the (com- 
plete information) reputational mechanism 
in some ways. Finally, the partial commit- 
ment approach, while also resembling our 
solution in some respects, requires invoking 
a certain degree of precommitment. Since 
such precommitment is in no way suggested 
by the model, it is not a very satisfying 
solution. 

Enforcement through the sale of a social 
contract can arise in the following way. Sup- 


` pose one particularly enterprising leader of 


the young, after tedious discussions with her 
electorate, drafts a social contract which 
states that the generation holding the social 
contract is exempt from capital taxation 
(above a- certain level). The enterprising 
leader of the young ensures her electorate 
that in the next period, when their genera- 
tion (called the first generation) is old, she 
will approach the council of the young (called 
the second generation) and offer to sell the 
social contract in exchange for tax revenue 


from the young to help pay for the public 


good of the old. She argues convincingly that 
after agreeing on an acceptable amount of 
tax revenue, the council of the second-gener- 
ation young will purchase the social con- 
tract. The reason is that (1) the social con- 


‘tract will protect the second generation from 


excessive (and third best) capital taxation 
because selling the social contract to the 
subsequent young (the third generation) will 
be more beneficial in terms of additional tax 
receipts than the second-period efficiency 
gains from capital taxation, and (2) the cost 
of purchasing the social contract less its re- 
sale value is less than the transactions’ costs 
to the second generation of negotiating about 
the creation of their own social contract. 

As demonstrated below, there is, in fact, 
an equilibrium in which the social contract is 
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passed on from one generation to the next, 
no generation wishes to abrogate the social 
contract, and, if the social contract is de- 
stroyed by chance; it- will immediately be 
reconstituted. The result is that an outcome 
with low capital taxes and high saving, al- 
most as good as the second-best outcome, 
can be enforced. 

In contrast to the. analyses of Lucas and 
Stokey (1983), and Persson, Persson, and 
Svensson (1987) in which potential capital 
‘losses on government financial assets deter 
deviations from ex ante policy, the assets in 
this paper are agreements which may or may 
not be written down explicitly. Thus, in our 
example, no physical contract or certificate 
is required, simply an understanding that the 
quid pro quo for the old to maintain the 
tradition (institution) of no capital taxation 
is for. the young to contribute the. ap- 
propriate share to pay for the public good of 


the. old. Probably the paper’s closest antece- 


dent is Jonathan Eaton’s (1985) analysis of 
banks’ repayment enforcement. In Eaton’s 
paper failure of banks to pursue defaulters 
leads to a reduction in their stock values.” 
The paper examines the sale of: social 
contracts in a simple. linear model that 
yields analytical expressions for second- and 
third-best tax structures. The linear model is 
attractive because excess burdens are .ad- 
ditive; indirect utility in distorted regimes 
differs from the first-best level-of utility by 


the sum of excess burdens. Section I presents © | 


the model, while Section II presents the un- 
obtainable first-best optimum, the unen- 
forceable’ second-best .optimum, and the 
time-consistent third-best ‘optimum. Section 
III demonstrates how a “salable” social con- 
tract comes into existence and how a social 
contract can.enforce an outcome close to the 


*Since writing this paper, we have become aware of 
ideas that resemble our own in the work by David 
‘Kreps (1984) on “corporate cultures,” and by Jacques 
Crémer (1986) on cooperation in ongoing organizations. 

There is also a certain parallel between our suggested 
mechanism and the mechanism known as “posting a 
bond” in the labor economies literature. In both cases a 
cheater forfeits some resources by cheating. In our case 
the mechanism does not need any outside enforcement 
(by the courts) but is instead self-enforcing. _ 
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second best. These points are illustrated. with 
a numerical example. Section IV deals with 
enforcement without ‘transaction ‘costs. Sec- 
tion V discusses extensions and broader im- 
plications of our results. 


I. The Model 
The model is a life-cycle overlapping gen- 


erations model with production and invest- 
ment. There is one good and labor. Produc- 


tion is linear, and output of goods in period — 


t, Y, depends on the input of capital in 
period ¢—1, K,_:,,; and labor i in pane: t, Ly 
according to -. | 


(1) Y, = RK, +wL, R>1 and w>0. 


The gross rate of return. to capital, R, is 
constant, as is the average and marginal 
product of labor, w. Capital depreciates ` 


completely in one period, so the net rate of 
return to capital, the real interest. rate, is 
constant, equal to. R —1 and positive.* The 
competitive {before-tax) wage rate equals w; 

A new generation of identical consumers 
is born in each period. Each consumer -lives 
for two periods, labeled 1 and 2. A young 
consumer: has preferences described by. the 
linear utility function 


(2) u(c,l,d,m) = D(c—Al)+d—ym, 


A>0, p>O and D>QO, 


where c and d are consumption when young 
and old, / and m are labor supply when 
young and old, A-and u are the constant 
marginal rates of substitution between leisure 
and consumption when young and old, and 
D is the gross rate of time preference (equal 
to one plus the rate of time preference). 
Utility is normalized so that the marginal 


utility of consumption in -period 2 is unity. 


*An ‘alternative interpretation of the ae which 
leads to equivalent results (since we disregard any non- 


Tai 


negativity conditicns on the capital stock), is that. the 
country is'a small open economy facing a perfect world . 


capital market with a constant (real) interest rate ce 
to R~-1. 
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The feasible set of consumption and labor 
_ supply is given by 


(3) O<c<c, 0</</<i, 


O<d<d, and 0<m<m<m. 
That is, there are nonnegative lower limits ¢ 
and d on consumption when young and old, 
and positive upper and lower limits on labor 
supply when young and old. 

There are taxes on labor in periods 1 and 
2 and on savings. A young consumer faces 
budget constraints 


(4) e+s=(w-r)l,s20, and 
(5) | d=(R-8)s+(w-o)m, 


where s is savings, and +r, o, and @ are 
' absolute taxes on labor when young, labor 
when old, and savings. By assumption bor- 
rowing is not allowed.* Therefore savings is 
restricted to be nonnegative. 

Given the linear utility function, it is easy 
to derive saving and labor decisions. Maxi- 
mizing the utility function subject to the 
feasibility set and the budget constraints 
gives 


for R-—@> D and 
for R—0< D, 


w—T)l-—c¢ 


© s=, 


I for(w—rt)max((R-8)/D,1) 
>À and 

! for(w—rt)max((R-0)/D,1) 
<À, 


(7) I= 


m forw-—o2>yn and 
(8) m= 
m forw-o<u. 

What matters for the saving decision is 
only the relation between the after-tax rate 
of return, R— 8—1, and the rate of time 
preference, D—1. When the after-tax rate 


“Borrowing could be allowed, without affecting the 
qualitative results. 
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of return is above the rate of time prefer- 
ence, the consumer consumes the minimum 
amount c when young and saves the maxi- 
mum . amount. The maximum saving is 
the difference between his after-tax wage 
(w — T), which depends on the labor supply 
when young according to (7), and the 
minimum consumption. When the after-tax 
rate of return is below the rate of time 
preference, saving is equal to its minimum, 
which is zero since we assume no borrowing. 
When the after-tax return equals the rate of 
time preference, saving is indeterminate. In 
this case we assume that the consumer saves 
the maximum amount. 

Similarly, what matters for the labor sup- 
plies is only the relation between the after-tax 
wage rate and the rate of substitution be- 
tween consumption and leisure. With regard 
to labor supply in the first period, (7), one 
has to take into account that there are two 
potentially relevant marginal rates of sub- 
stitution. When R—#@>.D, consumption in 
the first period is constant and at its mini- 
mum. Then the relevant marginal rate of 
substitution is between leisure in the first 
period and consumption in the second 
period, DA, and the relevant after-tax wage 
rate is (R — @)(w — 7), measured in second- 
period goods. If instead R — @ < D, saving is 
zero and consumption in the first period 
equals after-tax income in the first period. 
Then the relevant marginal rate of substitu- 
tion is A, and the relevant after-tax wage 
rate is w — T. This combined gives (7). If the 
after-tax wage rate is above the marginal 
rate of substitution, the best thing is to work 
the maximum hours. If the after-tax wage 
rate is below the rate of substitution, the 
best thing is to work the minimum hours. If 
the after-tax wage rate is equal to the rate of 
substitution, the consumer is indifferent be- 
tween working as much as possible, and as 
little as possible, or anything in between. We 
assume in this case that he works the maxi- 
mum hours. With regard to second-period 
labor supply in (8), w—o and p is the 
relevant after-tax wage rate and marginal 
rate of substitution, both when R-—@>D 
and when R — 8 < D, since in the latter case 
saving is zero and second-period consump- 
tion is not necessarily at its minimum. 
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FIGURE 1 


We also assume that the below-tax wage 
rate is above the rates of substitution be- 
tween leisure and consumption and that the 
before-tax return to capital is above the rate 
of time preference 


(9) w>A, w>yp, and R>D. 


In the absence of taxes the consumer would 
work the maximum hours when young and 
old, and he would save the maximum amount 
when young. 

Figure 1 further illustrates consumer be- 
havior. The bold line shows the compensated 
(and uncompensated, since they are identical 
here) supply of labor when old, m, as a 
function of the net wage rate, w—o. The 
before-tax wage rate w is above p by as- 
sumption, and, in the absence of a tax on 
labor, the consumer when old would be in 
equilibrium at point A in the diagram. For 
sufficiently high taxes on labor, the net wage 
would fall below u, and the consumer would 
work the minimum hours and be in equi- 
librium at some point on the vertical line 
EG. An equilibrium at the minimum hours is 
inefficient. The cost to the consumer of 
working m rather than m is the area CEGF, 
equal to p(m-— m). But the yalue to society 
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is the area ABGF, equal to w(m — m). The 
deadweight loss is the area ABEC, equal to | 
(w — wm ~m). 


Il. The First Best, the Second Best, and the 
: Third Best 


Below we consider equilibria when genera- 
tions interact. In this section, however, we 
examine equilibria when each generation is 
economically independent. As mentioned, 
the representative body of a generation is 
called the council. In each period, there are 
two councils, one representing the young 
and one representing the old. The council of 
a given generation supplies a fixed amount 
of public goods, g, to its generation when 
the generation is old and can finance this 
second-period expenditure by taxing its gen- 
eration in both periods. Before discussing 
equilibria with distortionary taxation, we de- 
scribe the first-best optimum that would re- 
sult if the council had access to lump-sum 
taxes. Let the council impose a second-period 
lump-sum tax equal to g on the old and set 
all other taxes equal to zero. Then in the 
first-best optimum with lump-sum taxation 
(denoted with an asterisk (*) superscript) 
labor supply when young, labor supply when 
old, and saving are at their maxima. Thus 


(10) f*=/, m*=m and s*=wl—- c. 


Consumption when young is at the mini- 
mum. Consumption when old is equal to 
savings plus wages when old minus the 
lump-sum tax. Hence, the utility level for the 
generation is 


(11) u* = D(c—Al)+ Rs* 
+ wii — g— pit. 


We use this equilibrium as a reference case 
in discussing equilibria with distortionary 
taxes. 

Let us now assume that the council does 
not have access to lump-sum taxes. Instead 
it has the right to tax labor and savings of its 
generation as well as to borrow or lend. The 


I? 
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council faces budget constraints 


(12) 
(13) 


where b is the council’s saving in period 1. 


The two constraints can be collapsed into 
one intertemporal budget constraint 


(14) 


b=] and 


g=@s+om-+ Rb, 


—g=Rrit+6s+om. 


Consider first the case in which the coun- 
cil can make a binding commitment in period 
1 to given taxes in period 2. As suggested by 
the discussion of Figure 1, for sufficiently 
low taxes there is no distortion of the labor 
supply and saving decisions. We assume that 
the maximum nondistortionary taxes on 
labor and savings fall short of the required 
public expenditure 


(15) g>R(w-A)i 
+(w—p)m+(R- D)i. 


The maximum nondistortionary taxes are 
t™=w—dX and o=w-—yp on labor in period 
1 and 2, and 6=R—D on savings. The 
maximum amount of savings, s, when the 
consumer faces the maximum nondistor- 
tionary, tax on labor in period 1, s, is s=Al 
oe, | 
Without (15) the optimal taxation prob- 
lem would be trivial. With (15), the council 
is forced to increase one or several taxes 
above their maximum nondistortionary lev- 
els. If the tax on labor supply in period 2 is 
increased, labor supply drops to its mini- 
mum, causing a deadweight loss equal to 
(w—p)(m—m). If the tax on savings is 
increased, saving drops to zero, causing a 
deadweight loss equal to (R— D)s. If the 
tax on labor in period 1 is increased, first- 
period labor supply drops to its minimum, 
causing a direct deadweight loss of 
D(w — A) — 1) plus an indirect deadweight 
loss—due to lower savings—of (R — D\(s — 
S), where s is given by s=(w—r)i—c<Al 
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—c.> We now assume that the deadweight 
loss from distorting period-2 labor is smaller 
than the other distortions: 


(16) (w—p)(m-m) 
< min| D(w—A)(/-1) | 
(+(R~D)(5—s),(R-D)5]. 


This means that the council prefers to in- 
crease taxes on.labor in period 2, rather than 
to increase taxes on savings or period-1 labor. 
We next assume that increasing taxes on 
period-2 labor above the distortionary level 
provides enough revenue to finance public 
expenditure. We later make the stronger as- 
sumption that distortionary taxation of labor 
in period 2 raises enough revenue to pay for 
g in the case when no saving is forthcoming; 
hence 


(17) 
Given the assumptions (15)-(17), labor 


supplies and saving in the second-best opti- 
mum under commitment are 


g<R(w-A)l+wm. 


(18) l=], m=m, and s=5. 
The tax rates (denoted by an overbar) are . 


(19) t=w-A, 6=R-D, ad 


a= (g R7- 63)/m. 


The only distortion is that labor in period 2 
has dropped to its minimum. Consequently, 
the utility level for the generation is 
(20) u=u*—-(w-p)(m—-m). 
It falls short of the first-best utility level by 


the deadweight loss from distorting labor 
supply in period 2. 


>Notice that D multiplies (w — A) —/). This is 
because utility is normalized to that the marginal utility 
of second-period consumption is unity. 
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The second-best optimum under commit- 
ment is unenforceable. There is nothing in 
the model that enforces the commitments to 
particular taxes in period 2. Indeed, since 
capital is predetermined in period 2, the 
council in period 2 has an incentive to de- 
viate from the preannounced policy and levy 
a nondistortionary tax on capital if it can 
thereby avoid a distortionary tax on second- 
period labor. Such will be the case if, as we 
assume, the savings tax base, Rs, is suffi- 
ciently large to make it possible to lower 
labor taxes in period 2 to the nondistor- 
tionary level; that is, 


(21) g<R(w-A)l+(w—p)m+ RS. 


If (21) holds and capital equals 5, the council 
in period 2 would optimally set the tax on 
savings equal to 


(22) @=[g—R(w-A)l—-(w—p)m]/s. 


By (15) it follows that Ê is large enough to 
reduce the net rate of return below the rate 
of time preference 


(23) R- en 


Equation (23) implies that a young consumer 
anticipating the council’s behavior would not 
save (see (6)). The reduction of saving from 5 
to zero produces a deadweight loss equal to 
(R — D)s; and erodes the tax base in period 
2. The council is left with no choice but to 
levy a tax on labor in period 2 above the 
distortionary level. _ | 

It follows that the third-best optimum 
without precommitment will have the follow- 
ing taxes (denoted by a caret( ^ )) 


(24) #=w-A=7 and 
=(g-Ril)/m>a, 
in addition to the tax Ê on savings.® Note 
*This outcome would not result if levying distor- 


tionary taxes on first-period labor alone would yield 
revenue to finance g and less deadweight loss than 
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that our assumption (17) ensures that there 
exists a tax on labor in period 2 which fulfills 
(24). The labor and saving decisions yield 


(25) l=l, m=m and s=0. 

The utility level is 

(26) ai=u—(R-D)s 
—(w-p)(m—m) 
—(R~-D)S5. 


Compared to the unenforceable second-best 
optimum, the third-best optimum has an ad- 
ditional deadweight loss, namely the saving 
distortion. 


` IIL Enforcing the Second-Best Optimum 
‘Through a Social Contract 


We now propose a mechanism, namely a 
social contract, that enforces an outcome 
very close to the second-best optimum. The 
social contract has the following two clauses: 


(C1) Capital taxation (either explicit or 
implicit) above the prespecified level 
. 0 = R— D is prohibited. 


(C2) The council of the young contribute 
a specified transfer Q to the council 
of the old. 


We assume that each young generation 
can set up a social contract like (C1-2) at a 
transactions cost T. Notice that if the 
(councils of) succeeding generations stick to 
the social contract, each young generation 
effectively purchases the social contract from 
the coexisting old generation. 

We now show that there exists an equi- 
librium with the properties that, starting from 


taxing second-period labor and savings. To rule out this 


possibility, we need to assume either that g> Rwl + 
(w — pm- m)+(R—- D)s or that D(w — A) = 1) + 
(R — DS — s) > (w— p)(m — m)+(R — DY3. 


UF 
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a society without a social contract, a social 
contract is set up by an initial generation 
and that,-once set up, it is fulfilled by all 
subsequent generations. Furthermore, every 
council acts individually, rationally, and ex- 


. pectations are never falsified.. In the lan- 


guage of game theory, me equilibrium iS 
subgame perfect. 

The intergenerational E has sequential 
moves in each period. The young decide 
whether or not to fulfill the existing social 
contract after the old have decided on the 
tax structure. We could think of the councils 
of the young and the old forming a joint 
government and bargaining about the price 
of the social contract, that is, about the 
transfer Q. We-do not study the details -of 
this bargaining process, but since we are 
dealing. with a stationary environment it 
seems. reasonable to treat Q as a constant. 


- Our results below will give the possible enue 


for the transfer, however. 
To-understand how the: social contract 


‘comes.into being, suppose the economy: ‘1s 


initially contractless and consider the eco- 
nomic incentives to establish the social con- 
tract. It is useful to specify the extensive 
form of the game. Figure 2 shows part of the 


game tree. Node N, corresponds to.an initial . 


situation without a social contract in an 
arbitrary. start-up period, called period 1. 
The council of the young in period 1, called 


the first.generation, faces a choice between 
‘either setting up a social contract (move 
_ “S”) or-continuing without a social contract 


and remain in the third-best equilibrium 


‘(move “3”). Node N, corresponds to the 
_ beginning of the next period, called period 2, 
when the first generation in period 1 chose 


to set up a social contract and now has 
become old. At node N, the first- generation 
faces.a choice between either fulfilling ‘clause 
(C1) ‘of the social contract (move “F’’) or 
breaking the clause and overtaxing capital 
beyond the prespecified level (move “O”’). 
Depending upon the choice of the first gen- 
eration, node N, or N, is reached. If the first 
generation in period 1 chose to continue 


in the third-best equilibrium, node N, is 


reached in the beginning of period 2, and 
there is no choice for the first generation but 
to continue in the third-best equilibrium (3), 
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FIGURE 2 


and: the society remains a a social 
contract. 

At nodes N,: and Ns the young in period 
2, called the second generation, face three 
alternatives. They can choose to obey clause 
(C2) of the social contract and pay the trans- 
fer O to the first-generation old (move “P ”), 
they can set up a new social contract ($), or 
they can choose’ the- third-best equilibrium 
(3). These choices lead to one of the nodes 
N,—N,, in the beginning of period 3 when 
the second generation has become old. ‘Now 
they face the choice between fulfilling (F) or 
breaking (O) clause (C1) of the social con- 
tract in nodes N,, N}, No, and Nig, whereas 
there is no choice but- to continue in 


‘the third-best equilibrium in nodes N, 


and Ni (3). 
Assume now that all. generations (coun- 
cils) follow an identical strategy, namely, 


(S1) When young: (a) if a social contract 
exists and the existing contract has 
never been broken, fulfill clause 
(C2), that is, pay the transfer Q 
(move P), (b) otherwise, do not pay 
the transfer but set up a new soc- 
ial contract of the form (C1-2) 
(move S). 


(S2) When old: (a) if an unbroken social 


contract exists of the form (C1-2), 
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fulfill clause (C1), that is, do not 
overtax capital (move F), (b) other- 
wise, if a social contract exists, 
overtax capital (move QO), or if a 
social contract does not exist, con- 
tinue in the third-best equilibrium 
(move 3). 


In the subsequent discussion we derive 
conditions which guarantee that no genera- 
tion has an incentive to deviate unilaterally 
from the strategy (S1-2). This is exactly 
what is required in a subgame-perfect equi- 
librium. 

We hence want to show that the path 
N,NLN,N;Ni. is a subgame-perfect equi- 
librium. Let us start with node N,. The first 
generation of young to devise the social con- 
tract (move S) has the special advantage of 
not having to purchase the social contract, 
that is, to pay the transfer Q. On the other 
hand, it has to bear the transactions cost of 
establishing the social contract. The budget 
constraints confronting the council of the 
first generation are 


(27a) b=rl and 


(27b) —-O=6s+om+ Rb, 
where including Q in (27b) assumes that the 
second generation. follows (S2). The budget 
constraints of each member of the first gen- 
eration are given in (4) and (5). The transac- 
tions cost is T utils, incurred when young, 
but measured in second-period utility. We 
assume that the transactions cost for estab- 
lishing a new social contract is the same for 
all generations irrespective of whether a so- 
cial contract has existed or not.’ 

The first generation levies nondistortion- 
ary taxes 0! on savings and 7! on first-period 
labor supply, where - 


(28) 6'=R-—D=6 and 


gl=w-A=F. 


™We could also let the transactions’ cost be lower if a 
social contract already exists, without changing the 
qualitative results. - 
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The corresponding tax on the first-genera- 
tion’s labor in period 2, ot, iş aistormonary 
and is given by 


(29) of =(g-Q- Ril- 05)/m < 5.8: 


The labor and saving decisions resulting | 
from this choice of taxes are ` 


— 


(30) =i; and s=5. 


m=m, 
and the utility level of the first generation is 
thus 


(31). . wW=ġ+Q-T. 


Note that this utility level is just the second- 
best level of utility less the transactions cost 
plus the value Q obtained from selling the 
social contract to the second generation. 

The first generation of young will institute 
the social contract—that is, follow (Sib) and 
choose S at node N,—if instituting the. so- 
cial contract increases their utility above the 
third-best optimum, that is, if 


(32a) w> fi. 


. According to (26), (32a) requires 


(32b) Q+(R-D)s=T. 

Condition (32b) states that the gain from the 
sale of the social contract plus the reduction 
in the saving distortion from achieving a 


-second-best tax structure ‘must exceed the 


transactions cost of establishing the social - 
contract. 

We must also show that the first genera- 
tion has an incentive to fulfill the social 
contract when old-——that is, to follow (S2) 
and choose F at node N,. If this. generation 
fulfilis the social contract when it is old, its 
utility when old is 


(33) vb =0+Q, 


This PEN if of >w—p, in which case the 


-second-period labor distortion remains. If a} <w- f, 


the distortion is eliminated and the first generation is 
even better off. 
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` where v is the period-2-utility in the unen- 
forceable second-best optimum. Thus the 
gain in old age utility from sticking to the 
social contract relative to the unenforceable 
second best is Q, the réceipt from the sale of 
the social contract. If the first generation 
' breaks the social’ contract in their second 
period (O) it will impose the lowing taxes 


(34) õt=w—yu and 
=| g—R(w-A)l-(w-p)m]/5=ô. 


Second-period utility in this case, ĝ!, is Ù 
plus the elimination of the second-period 
labor distortion, (w — 2)(m— m), 


(35) 5 =0+(w-p)(m-m). 
The necessary condition for the first genera- 
is. 


(36a) v> Òt, 


which implies . _ | 
(36b) Q>(w-pn)(w-m). 


This yields a lower bound on the price of the 
social contract. 

When faced at node N, with the. social 
contract set up by the first generation, the 
second generation, according to (S1), buys 
‘the social contract from the first generation. 
For this to hold the second generation must 
prefer purchasing the existing social contract 
(move P) to (1) not purchasing the existing 
social contract and establishing its own so- 
cial contract (move S$), and to (2) pursuing 
the third-best optimum (move 3). If the sec- 
ond generation’s council purchases the exist- 
‘ing social contract and is able to resell the 
social contract, its council faces the follow- 
ing budget constraints 


(37a) Q+b=rl and 

(37b) g-Q=6s+om+ Rb, 
which together imply | 
(38) g+(R—-1)Q0=Rrl+Os+om. 


tion to fulfill the social contract in period 2 
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.. Equation (38) points out that the second 


generation’s council effectively rents the so- 
cial contract for the amount (R —1)Q since 
it purchases the social contract when young 


and resells it when old. Given (38) the opti- 
‘mal tax rates are the nondistortionary taxes 


on first-period labor supply and saving, T 


and 6, and the distortionary tax o? on sec- 


ond-period labor supply.’ The latter is de- 


termined by | 
(39) o2=[g+(R-1)0— Rai — 5] /m 
>a. | 


Since the second generation achieves the 
unenforceable second-best optimum. except 
that it has to rent the social contract, its 
utility u? 


(40) w=u—-(R-1)Q. 


For the sécond generation to be willing to 
purchase the social contract father than - 
create its own, u? must exceed ut; hence, 
(41a) ur>u', 
If (41a) holds (32) ensures that u? exceeds 
the third-best optimum #. Conditions (31), 
(40), and (41a) imply 
(41b) T> RQ. 
In words,. (41b) requires that the cost of - 
creating a new social contract exceed the 
gain from not having to purchase the old 
social contract. This condition yields an up- 
per bound on the admissible price of the 
social contract. 
The second generation must also prefer to 


fulfill the social contract when they are old; 
that is, prefer to follow (S2) and choose F at 


*We assume that taxing second-period labor . is 
enough to finance total spending of the council: g + 
(R —1)Q. Thus there is no additional distortion caused 


- by raising the revenue for the rent of the law (R —1)Q. 


In a nonlinear model, we would have to add an ad- 
ditional welfare triangle to the cost of acquiring the 
social contract; however. 
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node Ne- Consequently, v*, the second gen- 
eration’s utility when old if it purchases the 
social contract must exceed 67, the utility 
when old if it reneges and overtaxes capital 
(move O). Compared to the unenforceable 
second best, the consumption of the second 
generation in period 2 if it obeys the social 
= Contract is smaller by the amount of rent on 
the social contract. Hence, 


(42) p—(R-1)Q. 


If the second generation breaks the social 


contract it foregoes the contribution Q from 
the third generation and imposes taxes 
~ according to 


(43) 6?=w—p and 
ĝ? =| g+ RO-R(w-A)i 
+(w—p)m| /s> 0. 
Each member of the second generation will 
respond to these second-period taxes by 


working full time, and their second-period 
utility will be - 


(44) 5° =0-RQ+(w—p)(m—m). 


The condition for preferring F to O is 


(45a) vV, or 


G Gwna, 


which is identical to (36b). 
Finally, we have to verify that the second 


generation would not deviate from (S1) if 
the first generation in-fact did not set up a 


social contract when young or broke the . 


social contract when old. Faced with no 
existing social contract, the second geneéra- 
tion would have the same problem as the 
first. Consequently, if condition (32) holds, 
(Slb) is optimal. Faced-with a broken social 
contract at node N., the second generation 
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could. contemplate deviating from (S1b) and | 
(S) either by pursuing the third-best opti- 
mum (3), or by purchasing the social con- 
tract even though it had been broken (P). If 
(32) holds, setting up a new social contract is 
better than: the third best. In contrast, 
purchasing the: broken social contract would - 
be worse than the third best because the 
social contract could not be resold to the 
third generation, given that the third genera- 
tion follows (S1b), leaving the second gener- 
ation with third-best utility @ less RỌ. The © 
above argument shows that the threat of 
punishment facing the first generation is not 
empty. If the first generation breaks the so- 
cial contract when old, it is indeed optimal 
for the second generation to carry out the 
punishment inherent in (S1b). 

An alternative justification for (S1b) that 
does not require invoking punishment be- 
havior, albeit selfish punishment behavior, 
by future generations is simply to view trans- 
actions costs in the following way. Since the 
old and young generations have formed a 
government, a decision of the old to break 
the social contract would impose transac- 
tions costs on the young who will have to 
participate in negotiations about the capital 
levy. Once the young see that they will have 
to bear the transactions cost of redrafting 
the existing social contract, they will decide 
they are better off setting up their own social 
contract. Thus transactions costs may be such 
that once a social contract/institution is 
broken, it 1s in effect destroyed and cannot 
be subsequently sold. In: this case strategy 
(S1b) follows automatically since it is impos- 
sible to purchase a social contract/institu- 
tion that no longer exists. 

In summary, we have found that devia- 
tions from (S1-—2) by the first and second 
generations are indeed ruled out by condi- 
tions (32), (36), and (41). Because the third 
and subsequent generations are in the same 
situation as the second generation, the con- 
ditions (32), (36), and (41) apply to them as 
well. We have therefore shown that, pro- 
vided: these conditions hold, there is a per- 
fect equilibrium in which the social contract 
(C1—2) is instituted once and then sold from 
generation to generation. The conditions to 
be satisfied in such an equilibrium can “be 
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reexpressed as the inequalities 
(46) 
(w-p)(m- m) 
<T/R<(R-D)s/(R—1) and 
(47) max[T—(R—D)5,(w—p)(m-m)| 
<QO<T/R. 


The transactions cost T must satisfy in- 
equality (46). For given T, any Q in the 
interval (47) will do. 

To obtain a sense of the potential range of 
Q satisfying these constraints consider the 
following parameter values 


Since one period is roughly 30 years of real 
time, setting R equal to 2 is equivalent to 
assuming an annual real interest rate slightly 
greater than 2 percent. According to these 
parameters pretax national income in both 
the unenforceable and the enforceable sec- 
ond-best steady states is 2.9, since the young 
earn 1, the old earn .9, and capital income is 
1. Income in the third-best steady state is 
only 1.9 reflecting the loss of capital income. 
The labor supply distortion in the second 
period is .015, or slightly more than one-half 
percent of total second-best income. Accord- 
ing to (46) T must exceed .03, which is 
slightly more than 1 percent of second-best 
income. This value of T may seem large, 
especially if one considers that income in 
this model corresponds roughly to income 
over a 30-year period. However, the costs of 
setting up complex institutions have, at times, 
been very substantial, including, in the ex- 
treme, costly wars to settle disputes. If T is 
assumed to equal .04, then Q must lie be- 
tween .02 and .015. 


IV. Enforcement Without Transactions Costs 


A second-best equilibrium may be sup- 
ported by social contracts also if there are no 
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transactions costs. Suppose that there are no 
transactions cost and that each generation 
adopts the strategy consisting of (S2) and 


When young: (a) if a social con- 
tract exists and the existing con- 
tract has never been broken, obey 
clause (C2), that is, pay the transfer 
O (move P), (b) if a social contract 
has ever been broken, do not pay 
the transfer and do not set up a 
new social contract (move 3), (c) 
otherwise, do not pay the transfer 
but set up a new social contract of 
the form (C1-2) (move $). 


(519 


The new element is (b), which results in the 
third-best equilibrium forever if a social con- 
tract is ever broken. 

It is straightforward to verify that this 
strategy supports a subgame-perfect equi- 
librium, provided that Q lies in the interval 
given by 


(48) (w-p)(m-—m) 
<Q<(R-D)s/(R-1). - 


The strategy (S1’—2) is in the nature of a 
James Friedman (1971) “trigger strategy,” in 
that a deviating generation is punished by 
the succeeding generations reverting to the 
“stage-game equilibrium,” which here is the 
third best. By (S1b) there is something of a 
trigger strategy element also in our equi- 
librium with transaction costs. In the equi- 
librium with transactions costs, however, 
a deviating generation is not punished by 
the succeeding generation reverting to the 
“stage-game equilibrium.” Instead it is pun- 


0Trigger strategies abound in the macro literature 
on how reputation can enforce ex ante optimal policies. 
Despite the formal similarities, there are conceptual 
differences between the arguments. In the. usual reputa- 
tion argument the disincentive to deviate for an 
infinite-horizon policymaker is the threat of future policy 
failures. Here, the disincentive to deviate for a finite- 
horizon policymaker is instead the threat of an im- 
mediate capital loss on the policymaker’s asset. 
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ished by the succeeding generation’s setting 
up a social contract of its own, which is a 
second-best and Pareto-optimal equilibrium 
given that lump-sum taxes are infeasible.” 
We believe that this feature makes our trans- 
actions-cost equilibrium much more plausi- 
ble than the standard trigger strategy equi- 
librium. 

It is interesting that also in situations 
where there are no transactions costs there 
exist strategies with equilibria where the 
economy after a deviation: quickly returns 
to the second-best situation. Consider the 
strategies consisting of (S2) and 
(S1”) When young: (a) if a social con- 
tract exists, the existing contract 
has never been broken, and the 
existing contract was not set up by 
a generation who broke the previ- 
ous contract, obey clause (C2), that 
is, pay the transfer Q (move P), 
(b) otherwise, do not pay the 
transfer but set up a new social 
contract of the form (C1-—2) (move 
S). 


The new element relative to (S1) 1s that the 
young generation sets up a new contract and 
does not pay to the old generation, if the old 
generation broke a previous social contract 
and set up their own social contract in order 
to avoid paying the transfer. This provides 
punishment of young who choose S rather 


"Like most subgame-perfect equilibria, our transac- 
tions-cost equilibrium is not renegotiation proof, how- 
ever. (See, for example, Joe Farell and Enk Maskin 
(1987) for a discussion of this equilibrium concept, 
which is a recent refinement of subgame perfection.) It 
fails on one point: When punishing a preceding deviat- 
ing generation by setting up a new social contract in 
node N,, the subsequent young generation incurs the 
transaction cost T, which is inefficient. 

“This strategy is an example of Peter Hammond’s 
(1975) trigger strategy: If the old were “noncoopera- 
tive,” the young should not transfer anything to the old 
and be labeled “cooperative,” or be labeled noncooper- 
ative. If the old were cooperative, the young should give 
the transfer to the old and be labeled cooperative, or be 
labeled noncooperative. (We were alerted to the relation 
to Hammond’s work by Merwan Engineer, 1986.) 
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than P in node N,, and yet restores the 
second-best equilibrium. It is straightfor- 
ward to show that there exists a subgame- 
perfect equilibrium with strategy (S1”—2) for 
Q obeying the condition (48). 


V. Extensions, Broader Implications, 
and Conclusion 


One obvious question to raise at this stage 
is whether the sale of social contracts can 
enforce seemingly time-inconsistent taxation 


in other optimizing models. Among neo- 


classical intertemporal models Barro’s (1974) 
altruistic, infinite horizon model is the prin- 
cipal alternative to the life-cycle model, so it 
may be useful to consider the sale of social 
contracts in that model. As is well known, 
the main distinction between the two models 
is that in contrast to the life-cycle model, 
intergenerational redistribution per se in 
Barro’s model is of no economic conse- 
quence. Hence, current old generations will 
not care about the price at which they sell 
social contracts to the next generation since 
they know that changes in that price simply 
redistribute between themselves and their 
children. It appears that the sale of social 
contracts would be useless in the Barro 
model. 

A second question about extensions of our 
model is whether it covers other types of 
taxes and other types of fiscal policy. The 
answer appears to be yes. There is no reason 
to preclude the writing of social contracts or 
the making of agreements that cover the 
entire array of feasible direct and indirect 
taxes on goods and assets. Social contracts 
or agreements could also extend to invest- 
ment incentives, changes in which can lead 
to capital losses and thus constitute covert 
government asset taxation (see, for example, 
Alan Auerbach and Laurence Kotlikoff, 
1987, ch, 9). 

The sale of social contracts could also 
enforce Pareto-improving intergenerational 
transfers, such as unfunded Social Security, 
when the economy is beyond the Golden 
Rule level of capital accumulation. The en- 
forcement problem here, of course, is that 
each young generation might choose to 
renege on the existing system and instead set 





- 
_ 
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up its own intergenerational transfer pro- 
gram. The same type of enforcement prob- 
lem arises in Paul Samuelson’s (1958) con- 
sumption loan model; in that model each 
young generation, in the absence of an en- 
forcement mechanism, would choose to issue 
its own money rather than transfer to the 
current old by accepting their money.” 

While our model assumes that only the 
old consume the public good, it appears to 
generalize to include joint consumption of 
the public good by young and old. Payment 
from the young to the old may also occur 
under the guise of contributions to finance 
unfunded Social Security benefit payments 
or, more generally, by the young adopting 
debts of the old.# 

A third question is whether the sale of 


social contracts can enforce time consistency 


of policies other than fiscal policies in life- 
cycle type models. In particular, what about 
monetary policy? Again the answer appears 
to be yes. In principle, it should be poss- 
ible to solve the surprise-inflation problem 
studied by Leonardo Auernheimer (1974) 


‘and Guillermo Calvo (1978) with a social 


contract or agreement or institution de- 
termining the rate of money creation. If such 
a social contract is sold to the next genera- 
tion, the temptation to run a surprise infla- 


tion may be outweighed by the potential loss 


of revenues from the sale of the anti-infla- 
tion social contract. Taking the model in this 
paper literally, one may of course argue that 
intergenerational aspects are of minor im- 
portance when it comes to the short-run 
conduct of monetary policy. However, it may 
be that similar mechanisms can work when 
individual policymakers with finite horizons 


Engineer (1986) adopts our framework to show 
how transfer institutions such as money may be en- 
forced in Samuelson’s consumption loan model, 

The intergenerational transfer associated with the 
sale of laws will also have an independent effect on 
savings, reducing savings in the sale of laws equilibrium 
below that in the unenforceable second best. While 
third-best savings in our model is zero, it seems possible 
that, in a less stylized model, savings in the third best 
could exceed savings in the sale of laws equilibrium. 
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are appointed to overlapping terms of office 
in a long-lived committee, such as in the 
Board of Governors of the Federal Reserve. 

Finally, the notion of selling agreements 
to enforce time consistency may have wider 
applications. Take as an example seniority- 
based wage scales in unionized firms. In 
establishing unions initial older union work- 
ers may institute a steep wage-tenure profile ~ 
to maximize their own lifetime earnings. 
Steep wage-tenure profiles can reward those 
with substantial tenure and avoid sharing 
sizable amounts of rents with new union 
hires who are willing to take less than they 
can earn elsewhere when young in exchange 
for higher wages in middle and old age. 
Time-consistency problems may arise in such 
union contracts. Suppose first, there are 
young, middle age, and older union mem- 
bers; second, that the union is controlled by 
the oldest union members; and third, that 
the only other group capable of reestablish- 
ing a union are the middle-age workers. If a 
steep wage tenure profile is established, the 
oldest union members will, at any point in 
time, have an incentive to renege on their 
promised pay increases to middle-age mem- 
bers and simply hire (or have the firm hire) 
more lower-paid young workers. Breaking 
their social contract in this manner may, 
however, reduce or eliminate their ability to 
attract new workers. Since the older workers’ 
payments in excess of their marginal product 
may be financed, in large part, by paying 
younger workers less than their marginal 
product, tearing up the union agreement by 
reneging on pay increases to middle-age 
workers may be too costly. The other group 


'SGuido Tabellini (1987) and Douglas Waldo (1987) 
show that a low inflation rule may be time consistent . 
when policymakers with finite horizons overlap in a 
committee like the Board of Governors, which decides 
on monetary policy by majority vote. What prevents 
deviation from the low inflation rule in these papers is 
not an “intergenerational” transfer scheme between the 
committee members, however, but rather that the 
“median voter” in the committee does not have a last 
period of office, unlike an individual finite-horizon 
policy-maker. 
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that could break the union agreement is cur- 
rent middle-age workers. If they could cost- 
lessly toss out current old members and 
garner the excess wage payments to the oldest 
members for themselves by setting up a new 
union they would. However, if the transac- 


tions cost of such action exceeds the gain a | 


new union will not occur. 

To conclude, the sale of social contracts, 
agreements, and, more broadly, institutions 
appears to provide ex post enforcement of 
behavior preferred ex ante in a range of 
public and private contexts. These arrange- 
ments need not be explicit, and the payment 
for their purchase may be made in a variety 
of forms. As a consequence it may prove 
difficult to refute empirically this subtle reso- 
lution of the time-consistency problem. 


‘alberto Alesina and Stephen Spear (1987) exploit 


the ideas in our paper and in Crémer (1986) in yet 
another context. They show how conflicts of interest 
between senior and junior members of a political party 
- may be resolved by help of a transfer scheme within the 


party. 
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Innovation in Large and Small Firms: 
An ad sala Analysis 


By ZOLTAN J. ACS AND Davip B. AUDRETSCH* 


We present a model suggesting that innovative output is influenced by R&D and 

market structure characteristics. Based on a new and direct measure of innova- 

tion, we find that (1) the total number of innovations is negatively related to 

concentration and unionization, and positively related to R&D, skilled labor, and 

the degree to which large firms comprise the industry; and (2) these determinants | 
have disparate effects on large and small firms. , 


As Simon Kuznets (1962) observed, per- 
haps the greatest obstacle to understanding 
the role of innovation in economic processes 
has been the lack of meaningful measures of 
innovative inputs and outputs. More re- 
‘cently, there has been the development of 
new data sources measuring different aspects 


of technical change. These new sources of 


data have included measures of patented 
inventions from the computerization by the 
U.S. Patent Office (Bronwyn Hall et al., 1986; 
Adam B. Jaffe, 1986; Ariel Pakes and Zvi 
Griliches, 1980), better measures of research 
and development (John Bound et al., 1984, 
and F. M. Scherer, 1982), and stock market 
values of inventive output (Pakes, 1985). 
While several of these new and improved 
data sources have been used to examine the 
relationship between innovative activity and 
firm size, there have been virtually no studies 
able to apply a. more direct measure of the 
innovative output. For example, the limita- 


*Research Fellows, Wissenschaftszentrum Berlin, 
Reichpietschufer 50, D-1000 Berlin 30, Federal Re- 
public of Germany. We wish to thank George 
Bittlingmayer, Bo Carlsson, Paul Geroski, Albert N. 
Link, Richard R. Nelson, William K. Scheirer, Joachim 
Schwalbach, J.-Matthias Graf von der Schulenburg, 
Hideki Yamawaki, Klaus Zimmermann, two. anony- 
mous referees, and seminar participants at the U.S. 
Small Business Administration, Case Western Reserve 
University, and the University of Bradford for helpful 
comments. We are especially grateful ‘for the sugges- 
tions by F. M. Scherer and the computational assistance 
of Michael Karge and Jianping Yang. All errors and 
omissions remain our responsibility. 


tions of using patent data were significant 
enough to supplement them with renewal 
data (Pakes and Mark Schankerman, 1984). 
Further, whilé most of the empirical research 
has examined only the innovative activity 
contributed by relatively large firms, the in- 
novative output of the smallest firms has 
received only scant attention and quantifica- 
tion.! Thus, most of the inferences which 
have been made about the causes of innova- 
tive activity have been based on observing 
only the behavior of larger firms.” Such in- 
ferences may be misleading since, as we 
show, almost half of the number of innova- 
tions are contributed by firms which employ 
fewer than 500 workers.- 

The purpose of this paper is to add to the 
literature on new measures examining tech- 
nical change by introducing a more direct 
measure of innovative activity, to determine 
some of its basic properties, and to illustrate 
its use with a reduced form empirical model. 
We present a model which investigates the 
degree to which innovative output is affected 
by different industry characteristics, and the 
extent to which small and large firms re- 
spond differently to various stimuli. The 
econometric analysis enables the testing of 


lFor a thorough review of the literature relating 
technical change to innovation activity, see Morton I. 
Kamien and Nancy L. Schwartz.(1975), F. M. Scherer 
(1980), and Richard C. Levin et al. (1985). 

*For example, Scherer (1965) related market struc- 
ture to the number of patents for fewer than 500 of the 
largest U.S. corporations. 
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two hypotheses: (1) the degree to which R&D | 
expenditures produce innovative output is ` 


conditioned by the market’ structure’ char- 
acteristics; and (2) as Sidney G. Winter 
(1984) suggests, small- and large-firm in- 
novative activity respond to distinct techno- 
logical and.economic regimes. 

In Section I of this paper, we introduce 
the new innovation data and compare them 
with the more traditional measures of techni- 
cal change, including patented inventions 
and R&D expenditures. After presenting the 
model in Section II, cross-section. regressions 
estimating the logs of the 1982 total number 
of innovations, large-firm innovations, small- 
firm innovations, and the small-firm innova- 
tion share for 247 four-digit SIC (Standard 
Industrial. Classification) industries are pre- 
sented in Section III. Finally, in Section IV, 
a summary and conclusion of the model and 
empirical results are provided. We find that 
innovative output increases with industry 
R&D expenditures at a less than propor- 
tional rate. While some of the appropriabil- 
ity measures, such as market concentration 
and unionization, are negatively related to 
innovation activity, the extent to which an 
industry is comprised of large firms is posi- 
tively related to the total number of innova- 
tions. Similarly, we find considerable evi- 
dence supporting the hypothesis by Winter 
(1984) that innovation activity for small firms 
responds to a different technological and 
economic environment than does innovation 
activity for large firms. 


I. The Innovation Data 


The measure of innovative activity used in 
this paper is the number of innovations in 
each four-digit SIC industry recorded in 
1982. The data, which were only recently 
released by the U.S. Small Business Admin- 


‘istration,’ consist of 8,074 innovations intro- 


duced into the United States in 1982. Of 


these innovations, 4,476 were identified as 


occurring in manufacturing industries. The 
Small Business Administration constructed 


3For a more complete explanation of the data, see 
the Appendix. 
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this data base by examining over 100 tech- 


nology, engineering, and trade journals, 


covering each manufacturing industry. From 
the sections in each trade journal listing in- 
novations and new products, a data base 
consisting of the innovations by four-digit 


SIC industry was formed. The entire list of — 


trade journals used to compile these data is 
available from the authors. The Small Busi- 
ness Administration defines an innovation as 
“a process that begins with an invention, 
proceeds with the development of the inven- 
tion, and results in the introduction of a new 
product, process or service to the market- 
place.” (Keith L. Edwards and Theodore J. 
Gordon, 1984, p. 1) Because the innovations 
recorded in 1982 were the result of inven- 
tions made, on average, 4.2 years earlier, in 
some sense the innovation data base repre- 
sents the inventions made around 1978 that 
were subsequently introduced to the market 
in 1982. The data were also checked for 
duplication. In fact, 8,800 innovations were 
actually recorded, but it was subsequently 
found that 726 of them appeared either in 
separate issues of the same journal or else in 
different journals. Thus, double counting was 
avoided. While the Small Business Adminis- 
tration does not claim that every single in- 
novative activity is included in the data base, 
it does consider the data to be “comprehen- 
sive and reliable.” 

The innovation data were classified ac- 
cording to the industry of origin based on 
the SIC code of the innovating enterprise. 


The data were then classified into innova- - 


tions by large firms, defined as firms with at 
least 500 employees, and innovations by 
small firms, defined as firms with fewer than 
500 employees. For example, an innovation 
made by a. subsidiary of a diversified firm 
would be classified by industry according to 
the SIC industry of the innovating sub- 


sidiary (enterprise) and not by the SIC in- 


dustry of the parent firm. However, the 
innovation would be classified by size ac- 
cording to the size of the entire firm and not 
just by the size‘of the subsidiary.* 


“Because 67 innovations could not be classified 
according to firm size, the number of total innovations 
does not always equal the sum of large- and small-firm 
innovations. 


emn rene 
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. TABLE 1— NUMBER OF INNOVATIONS AND THE: RELATIVE INNOVATIVE ACTIVITY OF 
LARGE AND SMALL FIRMS IN THE MOST INNOVATIVE INDUSTRIES,, 1982 . 


Industry 


Electronic Computing Equipment 
Process Control Instruments 
- Radio and TV Communication Equipment 
Pharmaceutical Preparations 
Electronic Components 
Engineering and Scientific Instruments — 
Semiconductors p: 
Plastics Products i 
Photographic Equipment 
Office Machinery 
Instruments to Measure Electricity 
‘Surgical Appliances and Supplies 
General Industrial Machinery ` 
- a Surgical and Medical Instruments 
. Special Industry Machinery 
_ Industrial Controls , 
Toilet Preparations 
Valves and Pipe-Fittings ` ' 
Electric Housewares and Fans 
Measuring and Controlling Devices 
Food Products Machinery 
Motors and Generators 
_ Plastic Materials and Resins — 
: Industrial Inorganic Chemicals 
Radio and TV Receiving Sets : 
Hand and Edge Tools’ 
Fabricated Platework 
Fabricated Metal Products 
Pumps and Pumping Equipment 
Optical Instruments and Lenses 
Polishes and Sanitation Goods 
Industrial Trucks and Tractors 
Medicinals and Botanicals _ 
Aircraft 
‘Environmental Controls 
Total 


Source: U.S. Small Business Administration. 


There are several other important qualifi- 
cations: which should be made concerning 
the innovation data: The trade journals re- 
port ‘relatively few process, service, and 
management ‘innovations and tend to cap- 
ture mainly: product innovations. The most 
likely. effect of. this bias is. to underestimate 
the number of innovations emanating from 
large. firms, since larger enterprises tend to 
produce more process innovations than do 


. their smaller counterparts. However, because 
it was found that the large-firm innovations 


 Large-Firm., Large Firm ` 
- Innovations/ Employment/ 
Total ~- Small-Firm' Small-Firm* 
Innovations Innovations Employment 
395 0.696 16.544 > 
165 Qni 1.632 
157 ` 1153 4.814 
133 9.231 19.408 .. 
128 0.740 0.894 
126 0.518 1.096 
122 * ` 3.138 5.757: 
107 0.268 0.332 
88 8.778 18.231 
TT 6.700 11.658 . 
u 0.596 2.077 
67 4.154 - 3.566 
67 4.154 0.976 
66 . . (0.833 3.566 
64 2.048 2.717- 
61 0.326 1.732 
59 2278 5.289 - 
54 0.606 2.436 
53 7.833 17.182 
J2 0.067 0.866 
50 3.083 . 1.976 
49 3.900 14.625 
45 2.000 6.937 
40 4,000 ' 4.917 
40 8.750 13.925 
39 2.455 y ae ae 
38 3.222 1.597 . 
35 0.706 0.495 
34 1.125 3.484 
34 0.571 1.179 
33 0.684 2.937 
33 0.650 6.404 
32 5.400 4376 
32 - - 31.000 111.111 
32 2.200 3.566 
2,617 1.272 


8.440 


are more likely to be reported in trade jour- 
nals - tham: are small-firm innovations, the 
Small Business Administration considers the 
biases to be.at least somewhat offsetting. 
Table 1 lists the total number of innova- 
tions.in those industries which had the great- 
est number of innovations in 1982, along 
with the corresponding ratios of large-firm ° 
innovation to small-firm innovation and 


` large-firm employment to small-firm employ- 


ment (also for 1982). Large firms are defined 
as firms with at least 500 employees and 
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small firms are defined as firms with fewer 
than 500. In some industries, the large firms 
exhibit considerably more innovative activity 
than do their smaller counterparts, while in 
other industries the small firms are ap- 
parently more innovative. One potential con- 
cern might be that the significance and 
“quality” of the innovations vary consider- 
ably between large and small firms. Based on 
4,938 of the innovations, the Small Business 
Administration classified each innovation 
according to one of the following levels of 
significance: (1) the innovation established 
an entirely new category of product; (2) the 
innovation is the first of its type on the 
market in a product category already in ex- 
istence; (3) the innovation represents a sig- 
nificant improvement in existing technology; 
and (4) the innovation is a modest improve- 
ment designed to update an existing product. 
While none of the innovations in the sample 
were in the highest level of significance, 80 
were in the second level, 576 in the third 
level, and 4,282 were classified in the fourth 
level. Within each level of significance, the 
distribution between large- and small-firm 
innovations proved to be remarkably con- 
stant. In both the second and third signifi- 
cance categories, the large firms accounted 
for 62.5 percent of the innovations and the 
small firms for the remaining 37.5 percent. 
In the fourth significance category, the large 
firms accounted for just a slightly smaller 
share of the innovations, 56.6 percent, while 
the small firms contributed the remaining 
43.4 percent. A chi-square test for the hy- 
pothesis that there is no difference in the 
frequency of innovation with respect to in- 
novation significance and firm size cannot be 
rejected at the 99 percent level of confidence 
(Edwards and Gordon, 1984).° Thus, based 
on the U.S. Small Business Administration’s 
classification of the significance level of in- 
novations, there does not appear to be a 
great difference in the “quality” and signifi- 


Unfortunately, no further information regarding the 
distribution of innovations by significance category has 
been released by the U.S. Small Business Administra- 
tion. Therefore, no comparisons across industries can be 
made. 
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cance of the innovations between large and 


‘small firms. However, the extent of innova- 


tive activity does not necessarily correspond 
to the market values of the innovations. It is 
conceivable that larger firms may tend to 
focus on innovations with a higher market 
value. 

The second column of Table 1 shows that 
while the number of large-firm innovations 
exceeded that of small firms in twenty-one of 
the thirty-five most innovative industries, the 
small firms were more innovative in the re- 
maining fourteen. By contrast, the third col- 
umn indicates that large firms accounted for 
a greater share of 1982 industry employment 
in ali but five of these highly innovative 
industries. For the entire sample of manu- 
facturing industries the simple correlation 
between these two measures is only 0.316. 
While the ratio of the innovations-per- 
employee is 6.64 times greater for small firms 
than for large firms for the most innovative 
industries, small firms were only 43 percent 
more innovative than their larger counter- 
parts for the entire sample of manufacturing 
industries.° 

Table 2 shows the distribution of manu- 
facturing industries according to innovation 
frequency. About one-quarter of the innovat- 
ing industries contributed at least sixteen 
innovations, while slightly more than one- 
half of these industries had fewer than six 
innovations. 

In order to compare the new innovation 
measures with the more traditional measures 
of technical change, Table 3 provides a cor- 
relation matrix of input and output measures 
of innovative activity. There is a striking 
difference in the simple correlation of 0.481 


°It should be noted that while there were a total of 
8,074 innovations identified in the data base, some 
innovations occurred outside of manufacturing and 
others were contributed from firms which could not be 
found in publishing company directories. While some of 
these were subsidiaries of large firms, many more were 
small companies. A random sample of 600 firms (with 
375 responses) was used to allocate the entire set of 
innovations into 55 percent from small firms and 45 
percent from large firms, resulting in an innovation- 
per-employee ratio 2.38 times greater in small firms 
than in large firms. 
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TABLE 2— THE DISTRIBUTION OF MANUFACTURING INDUSTRIES ACCORDING TO INNOVATION FREQUENCY 


Number of Innovatiors® 


1-5 6-10 11-15 16-20 21-25 26—30 31> Total 
Total Innovations 149 36 21 13 15 6 36 276 
(percent) (53.99) (13.04) (7.61) (4.11) (5.43) (2.17) (13.04) (99.99) 
~ Large-Firm Innovations 127 28 24 6 7 8 18 218 
(percent) (58.26) (12.84) (11.01) (2.75) (3.21) (3.67) (8.26) (160.00) 
Small-Firm Innovations 129 33 16 9 4 1 13 205 
(percent) (62.93) (16.10) (7.80) (4.39) (1.98) (0.49) (6.34) (100.00) 


Source: U.S. Small Business Administration. 


* Only industries in which there is at least some innovation activity are included in this table. 


TABLE 3— CORRELATION MATRIX OF INPUT AND OUTPUT MEASURES 
OF INNOVATIVE ACTIVITY 


Large-Firm Small-Firm Total R&D Company R&D 


Innovations Innovations Innovations Expenditures Expenditures 


Total 

Large-Firm 

Innovations 0.920 ~ 
Small-Firm 

Innovations 0.922 0.698 
Total R&D 

Expenditures 0.481 0.532 
Company R&D 

Expenditures 0.746 0.737 
Patents 0.467 0.482 


between total R&D expenditures (also from 
the 1977 FTC Line of Business) and total 
innovations, and of 0.746 between company 
R&D expenditures and total innovations. 
That the correlation between company R&D 
and innovative activity is stronger than the 
correlation between total R&D and innova- 
tive activity is consistent with the findings by 
Griliches (1986) that privately financed R&D 
has a larger effect on private productivity 
and profitability than does government- 
financed R&D. The somewhat lower correla- 
tion between the R&D measures and the 
total number of patented inventions” be- 
tween 1970 and 1972 is not surprising, as 
Pakes and Griliches (1980, p. 378) observe 


’The correlations involving the patents are at the 
three-digit SIC level. (The corresponding variables were 
also aggregated to the three-digit SIC level) AH other 
correlations are for the four-digit SIC level. 


0.379 5 
0.672 0.764 2 
0.382 0.327 0.440 


that “patents are a flawed measure (of in- 
novative output); particularly since not all 
new innovations are patented and since 
patents differ greatly in their economic im- 
pact.” Still, the correlation between the out- 
put measures, total innovations, and patents 
is greater than that between the R&D mea- : 
sures and patents. Also of interest is that, 
just as the correlation between innovations “ 
and R&D is greater for large firms than for 
small ones, the correlation between patents 
and innovations is greater for large firms 
than for small ones. 

The relationships between the input and 
output measures of innovative activity are 
somewhat sensitive to the total amount of 
innovative activity. That is, in industries in 
which there is little innovative activity, de- 
fined as those with fewer than seven inno- 
vations, the correlation between all of the 
measures of technical change become con- 
siderably weaker. In particular, the correla- 


sw, 


Industry Total 
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TABLE 4— COMPARISON OF INNOVATION DATA WITH R&D AND PATENT MEASURES* 


1. 
=t 
mor 


! Patents/ Company R&D R&D (millions)/ 

Group” Innovations Patents Innovation (millions) Innovation 
` Food and Tobacco 206 311 15] 272 1.32 
` Textiles and Apparel 29 147 5.07 65 2.24 
' Lumber and Furniture 83 50 0.60 37 0.45 
Paper 61 292“ 4.79 150 2.46 
Chemicals (excluding drugs) 332 3,492 10.52 1,260 3.80 
Drugs 170 868 5.1] 449 2.64 
Petroleum 24 1,046 43.58 360 15.00 
Rubber and Plastics 129 637 4.94 287 222 
„Stone, Clay, and Glass 59 477 8.09 149 2.53 
` Primary Metals 74 424 5.73 239 3.23 
Fabricated Metal Products 340 450 1.32 246 0.72 
Machinery (excluding office) 612 1,657 271. 852 1.39 
Computers and Office Equipment 566 1,045 1.85 1,054 1.86 
Industrial Electrical Equipment” 444 836 1.88 210 0.47 
Household Appliances 64 232 3.63 78 122 
Communications Equipment 262 2,384 9.10 1,136 4.34 

. -Motor Vehicles and Other 

-Transportation Equipment‘ 152 809 5.32 1,791 11.78 
Aircraft and Engines 48 501 10.44 653 13.60 
Guided Missiles and Ordnance 16 173 10.81 103 6.44 
Instruments 736 1,351 1.84 652 0.89 
Total? 4,407 17,182 3.90 10,043 2.28 


* Company R&D (1974) and patent (June 1976-—March 1977) data are from Scherer (1983). 


Includes SIC 361, 362, 364, and 367. 
“Includes SIC 371, 373, 374, 375, and 379. 
“Includes only industries in this table. 


tion between large-firm innovations and 
patents falls to 0.107, while that between 


small-firm innovations and patents is nearly _ 


twice as great. Similarly, the correlation be- 
tween each of the RaD measures and small- 
firm innovations falls to less than 0.070 while 


that between each of the R&D measures and 


- the large-firm innovations is not so greatly 


affected. In addition, the correlation between 
patents and each of the R&D measures falls 
io below 0.100 for the low-innovative in- 
dustries. In the high-innovative industries, 
defined as those with at least fifteen innova- 
tions,‘the correlation between small-firm in- 
novations and patents is also considerably 
weaker, as is that between the RaD mea- 


-sures and smaill-firm innovations. 


Table 4 provides a more detailed compari- 
son of an input measure—company R&D 
expenditures (from the FTC. Line of Busi- 
ness Survey)—and two output measures, the 
total number of innovations and the total 
number of patented inventions. between June 


1976 and March 1977 (from Scherer, 1983). 
As the simple correlation of 0.74 indicates, 
there is a fairly strong relationship between 
the ratio of patents-per-innovation and R&D 
expenditures (millions of dollars)-per-inno- 
vation.® Of particular interest is that the 


_ patent-per-innovation ratio in drugs is about 
- one-half of that in the rest of the broader 
‘chemical sector. This is remarkably similar 


to the pattern of patents-per-scientists and 
engineers identified by Robert E. Evenson 
(1984). The relatively high ratios of patents- 
per-innovation in the chemical and petro- 
leum sectors, and the relatively low ratios in 
the computers, electrical machinery, lumber, 
and instruments sectors is explained by 
Edwin. Mansfield (1984, p. 462): “The value 


é 


*Patents represent 59 percent of all invention patents 
issued to U.S. corporations during the sample period 
and 61 percent of patents issued to industrial corpora- 
tions (Scherer, 1983). 
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TABLE 5--- WEIGHTED MEAN NUMBER OF TOTAL INNOVATIONS, SMALL-FIRM 
INNOVATION, AND EMPLOYMENT SHARES BY Two-DIGIT SECTOR* 


SE Total 
Sector Innovations 
Food 3.739 
; . (1.977) 
Textiles 0.333 
(0.062) 

Apparel 0.576 
(0.605) 

Lumber 0.647 
(0.338) 

Furniture 5.539 
(0.422) 

Paper 3.588 
(0.103) 

Printing 1.471 
(0.368) 

_Chemicals 17.929 
(0.014) 

Petroleum 4.800 
(2.400) 

Leather 0,546 
(0.776) 

Stone, 2.185 
Clay, and Glass (0.036) 
Primary Metals 2.846 
(1.631) 

Fabricated Metal 9.556 
Products (4.301) 
Machinery 25.886 
(nonelectrical) (1.355) 
Electrical 20.946 
Equipment (1.824) 
Transportation 9.000 
Equipment (1.000) 
Instruments 56.615 
(16.344) 


SEPTEMBER 1988 
Small-Firm Small-Firm 
Innovation Employment 
Share Share 
0.228 0.220 
(0.052) (0.175) 
0.133 0.325 
(0.161) (0.156) 
0.099 0.565 
(0.159) (0.220) 
0.088 0.564 
(0.228) (0.264) 
-0.365 0.596 
(0.074) (0.264) 
0.161 0.234 
(0.022) (0.199) 
0.191 0.524 
(0.048) (0.245) 
0.313 0.135 
(0.041) (0.163) 
0.400 0.113 
(0.200) (0.163) 
0.273 0.422 
(0.230) (0.182) 
0.219 0.347 
(0.013) (0.264) 
0.276 “0.227 
(0.043) (0.167) 
0.388 0.524 
(0.038) (0.192) 
0.485 0.289 
(0.014) - (0.199) 
0.411 0.164 
(0.008) (0.155) 
` 0.149 0.075 
(0.029) (0.325) 
0.506 0.221 
(0.017) (0.121) 


“The sector means are weighted averages (by 1977 valve-of-shipments) of the 
four-digit SIC industry values. The small-firm innovation share is defined as the 
percentage of total innovations contributed by small firms. The small-firm employment 
share is defined as the percentage of industry employment accounted for by firms with 
fewer than 500 employees. The data come from the U.S. Small Business Administra- 
tion, Small Business Data Base, 1982, Standard ‘deviations are listed in parentheses. 


and cost of individual patents vary enor- 
mously within and across industries... Many 
inventions are not patented. And in some 
industries, like electronics, there is consider- 
able speculation that the patent system is 
being bypassed to a greater extent than in 
the past. Some types of technologies are 
more likely to be patented than others.” 

A broader comparison of the distribution 
of the innovations classified according to 


firm size, both between and within two-digit 
SIC sectors is presented in Table 5. For 
example, the first column shows that the 
mean number of total innovations in the 47 
industries (weighted by the 1977 value-of- 
shipments) comprising the food sector ‘was 
3.74. The second column shows the small- 
firm innovation share, measured as the per- 
centage of total innovations contributed by 
small firms, and indicates that’ in certain 
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sectors the mean number of innovations con- 
tributed by the large firms far exceeded’ the 
mean number contributed by small firms, 
while in other sectors the pattern is reversed. 
As the third column indicates, in about half 
of the sectors the small-firm employment 
share exceeds the small-firm innovation 
share, and in the other half the innova- 
tion share of small firms exceeds the employ- 
ment share. 


Il. The Empirical Model 


We. follow others (Jaffe, 1986; Scherer, 
1982: and Mansfield, 1981) and assume in- 
novative output is related to innovation-in- 
ducing inputs in-the previous period accord- 
ing to a log relationship. The independent 
variables we expect to be important are: 
R&D expenditures (either total or company), 
1977; capital intensity, measured as gross 
assets divided by value-of-shipments, 1977; 
the four-firm concentration ratio, 1977; the 
mean percentage of employees belonging to 
a union between 1973 and 1975; advertising 
expenditures divided by value-of-shipments; 
the share of 1977 industry employment 
accounted for by large firms (enterprises with 
more than 500 employees); a measure of 
skilled labor, defined as the percentage of 
employment consisting of professional and 
kindred workers, plus managers and admin- 
istrators, plus craftsmen and kindred work- 
ers, 1970. Finally, to control for industry 
size, the 1977 value-of-shipments is included 
in the empirical model. All variable. sources 
are listed in the Appendix. 

Concentration, advertising, and capital in- 
tensity have all been hypothesized to facili- 
tate appropriability and therefore encourage 
innovation (William S. Comanor, 1967; and 
Kamien and Schwartz, 1975), More recently, 
several models have been developed arguing 
that unions capture rents from intangible 
capital investments, and, in particular, those 
accruing from innovation-producing R&D 
(Robert A. Connolly, Barry Hirsch, and 
Mark Hirschey, 1986; and Hirsch and Albert 
N. Link, 1986). To the extent to which unions 
are successful in such rent-seeking activities, 
the ease of appropriability by the innovative 
firm is clearly reduced. Therefore, a negative 


rep i e 
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relationship between unionization and total 
innovative activity is expected. 

By substituting the number of large-firm 
innovations and small-firm innovations as 
dependent variables into the regression mod- 
el, the hypothesis by Winter (1984) that two 
technological regimes exist can be examined. 
According to Winter (1984, p. 297), “An 
entrepreneurial regime is one that is favora- 


. ble to innovative entry and unfavorable to 


innovative activity by established firms; a 
routinized regime is one in which the condi- 
tions are the other way round.” To the ex- _ 
tent to which innovations from small and ` 
large firms emanate from different techno- 
logical regimes, a difference in the parame- 
ters in the small- and large-firm innovation 
equations would offer support for Winter’s 
hypothesis that large- and small-firm innova- 
tions are promoted under differing economic 
and technological conditions.’ The relative 
small-firm innovative advantage “is likely 
to be roughly proportional to the number 
of people exposed to the knowledge base 
from which innovative ideas might derive.” 
(Winter, 1984, p. 297) 

While the exact dynamic relationship be- 
tween the endogenous and exogenous vari- 
ables is not known, this should not pose a 
significant problem in the context of cross- 
sectional analysis where each of the in- 
dustry-specific attributes remains relatively 
invariant over time. While this model as- 
sumes the traditional view that technical 
change is endogenous to market structure, 
Partha Dasgupta and Joseph Stiglitz (1980) 
argue that, in fact, certain aspects of market 
structure are endogenous to technical change. 


HI. Regression Results 


Using the logged value of the number of 
total innovations in 1982 as the dependent 


+ 


*While we have seen a major shift in the twentieth 
century, with the large firm and the industrial research 
laboratory playing a much more important role in in- 
novation, individual entrepreneurs, who are not associ- 
ated with established firms (Joseph Schumpeter, 1934, 
p. 62), continue to survive and thrive in a number of 
industries (Kenney Martin, 1986). 
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TABLE 6— REGRESSIONS OF LOG oF TOTAL NUMBER 
OF INNOVATIONS 


\ (t-statistics in parentheses) - 


1 2 
Log Total RaD . 0.364 ~ 
(6.434)° i 
Log Company R&D - - 0.409 
: (7.424)" 
Log Capital/Output 0.007 . :- —6.040 
(0.045) — (— 0.278) 
Log Concentration ~0.613 =  -0.631 
E (— 3.853)" (—4.061)° 
Log Unionization — 0.460 — 0.425 
z nA (— 3.078)? (— 2.907)" 
_ Log Advertising — 0.061 — 0.056 
r (— 1.169). (—1.096) 
Log Large-Firm 
Employment Share 0.438 0.400 
(2.170)? (2.023) 
Log Skilled Labor 0.505 0.559 
(2.257)? (2.620)? 
Log Industry Size 0.032 0.621 
aa (0.372) (4.301)° 
Constant 1.883 | 1.821 
ae (1.251) (1.492) 
Sample Size 247 247 
R? 0.457 0.482 
F 25.040* 27.730° 


“Statistically significant at the 95 percent level of 
confidence, two-tailed. test. ; 


“ 


variable, the cross-section regressions for 247 


four-digit SIC manufacturing industries are 
shown in Table 6. While equation (1). uses 
the measure of total expenditures on R&D, 
equation (2) uses company expenditures on 
R&D. There are two major results from this 
table. First, the negative coefficient of con- 
centration suggests that lower, and not 
higher, levels of concentration tend to be 
associated with increased innovation activ- 
ity. While the emergence of a negative and 
significant relationship is consistent with the 
findings of Connolly and Hirschey (1984), it 
is a much stronger result than found by 
Scherer (1965). Second, the elasticity of both 
company and total R&D with respect to the 
total number of innovations is considerably 
less than one. Even when the measure of 
company R&D, which apparently explains 
innovative activity better than total R&D, is 
used in equation (2), the elasticity of- R&D 
remains below 0.5. This is somewhat less 
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than the’ elasticity of about one found be- 
tween firm RaD and patents by Bound et al. 
(1984). : 

The positive coefficient of the large-firm 
employment share indicates that the greater 
the proportion of an industry consisting of 
firms with more than 500 employees, the 
greater is the innovation activity. Of the 
other variables representing appropriability, 
only unionization apparently is negatively 
associated with the total number of innova- 
tions; providing support for.the Hirsch and 
Link (1986) hypothesis.’ 

Table 7 shows the results for analogous 
regressions where the log of the number of 


. large-firm innovations, log of the number of 


small-firm innovations, and the small-firm 
innovation share are the dependent vari- 
ables. Since the error terms in the large- and 
small-firm innovation regressions are pre- 
sumably interrelated, the generalized least 
squares method for seemingly unrelated re- 
gressions was estimated using the Aitken 
procedure (Jan Kmenta, 1971). Skilled labor 
and advertising apparently have disparate 
relationships with small- and darge-firm in- 
novations. While skilled labor is positively 
and advertising negatively associated with 
small-firm innovations, neither is statistically 
associated with large-firm innovations. Al- 
though concentration is negatively associ- 
ated with both large- and small-firm inno- 
vation, the elasticity of concentration with 
respect: to small-firm innovations is more 
than double that for large firms. A perhaps 
somewhat surprising result is that not only is 


‘Regressions analogous to those in Table 6 were 
estimated substituting the patent measure used in Table 
3 as the dependent variable. The results are quite simi- 
lar to those using the innovation measure in Table 6. 
Total R&D, capital/output, the large-firm employment 
share, and skilled labor are found to be positively 
related to the number of patents, while concentration is 
negatively related to.patents. Neither advertising, which 
has a negative ccefficient, nor unionization, which has a 
positive coefficient, can be considered statistically sig- 
nificant. Thus, substituting the patent measure for the 
innovation measure yields very similar results. Only 
unionization and capital/output have different qualita- 
tive relationships ch cae the patent and innovation 
measures. 
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TABLE 7— REGRESSIONS OF THE LOG OF THE NUMBER OF LARGE- AND SMALL~FIRM INNOVATIONS, 
AND THE SMALL-FIRM INNOVATION SHARE (f-statistics listed in parentheses)* 


Total Company Concen- Capital/ Unioni- 
Equation R&D R&D tration Output zation 
a , 

Large-Firm 0.251 = —0.276 0.107 ~0.415 

Innovations {4.711} (— 1.836)" (0.763) (—2.937)° 
Small-Firm 0.278 - —0.705 0.060 ~0.442 

Innovations  (5.850)° (2.036 (—0.481) {— 3517F 
3 

Large-Firm ~ 0.294  —0.294 0.078 —0.388 

Innovations (5.612)° (—1.987)° (0.568) (—2.785)° 
Small-Firm £ 0.324 -0.723 -0.093 —0.412 

Innovations (7.015)° (— 5.556) (—0.769) (—3.356)° 
5 

Small-Firm — 0.389 Š —0.004 .—0.505 -0.001 

Innovation {(—1.765} {—2.811)° (—3.077)° (0.569) 
Share 

6 

Small-Firm = —0.138 -0.004 -0.484 —0.001 

Innovation (-0,463) (—2.837)° (-2.934)" (0.637 
Share ' 


Large-Firm 
Employ- 
ment Skilled Industry Sampie 
Advertising Share Labor Size Constant Size R? - F 
— 0.042 0.371 0.294 0.150 0.020 247 0.372 - 
(-0.854) (1.943)? (1.388) (1.825)? (0.017) 
— 0.082 0.437 0.383  —0.158 3.802. 247 0.366 - 
(—1.866)°  (2.572)€ {2.036} {—2.155)° (1.056) - 
— 0.038 0.339 0.318 0.110  —0.022 247 0393 - 
(—0.787) (1.802) (1.567) (1.361) (0.019) 
—0.078 0.401 0.411 0.202 3.756 247 0.398 - 
(—1.813)"  (2423)° (2.300)€ (—- 2.842)" (3.669% 
— 7.306 0.355 0.785 —0.154 0.168 ` 247 0.117 3.945 
(—0.456)  {2.535)®  (2.881)° (0.367) (1.459) 
~7.194 0.330 0.666 -0400 0.209 247 0.116 3.92% 
(-0.446) (2.327) (2.482) (—0.903) (1.834)? 


“The method of generalized least squares (Aitken procedure) was used to estimate large-firm innovations and small-firm innovations. The logs for 

all explanatory variables are used to estimate log large-firm innovations and log small-firm innovations ms not for the small-firm innovation share. 
oStatisticaliy significant at the 90 percent level of confidence, two-tailed test. 
“Statistically significant at the 95 percent level of confidence, two-tailed test. 


the coefficient of the large-firm employment 
share positive and significant for small-firm 
innovations, but it is actually greater in mag- 
nitude than for large firms. This suggests 
that, ceteris paribus, the greater extent to 
which an industry is composed of large firms, 
the greater will be the innovative activity, 
but that increased innovative activity will 
tend to emanate more from the small firms 
than from the large firms. Perhaps this indi- 
cates that, in industries composed pre- 
dominately of large firms, the existing small 
firms must resort to a strategy of innovation 
in order to remain viable. This is consistent 
with the findings of Richard E. Caves and 
Thomas A. Pugel (1980) that smaller firms in 
an industry tend to perform better if they 
use different strategies from those followed 
by the larger firms." 


H The disparate effect of the large-firm employment 
share on small- and large-firm innovation rates is per- 
haps implied by Scherer (1980, p. 422), “...the most 
favorable industrial environment for rapid technological 
progress would appear to be a firm size distribution that 
includes a predominance of companies with sales below 
$500 million, pressed on one side by a horde of smail, 


Equations (5) and (6) address a slightly 
different question. Rather than considering 
what determines the extent of innovative 
activity in small firms, small-firm innovative 
activity is examined relative to that in the 
entire industry.!* The small-firm innovation 
share, or the number of small-firm innova- 
tions divided by the number of total innova- 
tions, is used as the dependent variable. The 
negative coefficients of total R&D, con- 
centration, and capital/output, suggest that 
the number of small-firm innovations tends 
to be small relative to- that in the entire 
industry in industries which are high in R&D, 
capital-intensive, and which are concen- 
trated. The positive coefficients of the large- 
firm employment share and skilled labor im- 
ply that the innovation activity of small firms 
is high relative to the industry level in in- 


technologically oriented enterprises bubbling over with 


bright new ideas and on the other by a few larger 
corporations with the capacity to undertake exception- 
ally ambitious developments.” 

12 For further analysis of the difference between large- 
and small-firm innovation rates, see our 1987 paper. 
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TABLE 8-—-HYPOTHESES TESTS FOR THE 
DIFFERENCES IN THE DETERMINANTS OF 
INNOVATION BETWEEN LARGE AND 
SMALL FIRMS (BASED ON REGRESSIONS 
3 AND 4 IN TABLE 7) 


- Variable 

Hypothesized* SSR? F 
Company R&D 118.21 3.665% 
Capital/Output 120.80 0.279 
Concentration 118.25 3.6259 
Unionization 120.71 0.398 
Advertising 120.73 0.359 
Large-Firm 

Employment Share 120.73 0.359 
Skilled Labor 118.23 3.6304 
All Variables‘ 104.276 2.731% 


“The variable hypothesized and therefore con- 
strained to have an identical effect on large-firm innova- 
tions and small-firm innovations. Each hypothesis is 
tested by comparing the sum of the squares explained 


by the regression from the regression with the restricted . 
coefficient to that from the unrestricted regression. For ` 


further explanation of the hypothesis test, see Kmenta 
(1971). 

SSR refers to the sum of squares explained by the 
estimated regressions for small-firm innovations with 
the restricted coefficient. 

“The coefficients of all the explanatory variables are 
constrained to be identical for the large-firm innovation 
and small-firm innovation equations. 

“Statistically significant at the 95 percent level of 
confidence. 


dustries in which there is only a small share 
of small firms, and in which skilled labor 
plays an important role. 

The results from Table 7 do not support 
an unequivocal conclusion regarding the ex- 
act differences in innovation behavior be- 
tween large and small firms. While the first 
four equations imply that skilled labor, ad- 
vertising, and perhaps concentration and the 
large-firm employment share, account for the 
different patterns in innovative activity be- 
tween large and small firms, the last two 
equations suggest that total R&D, con- 
centration, capital /output, large-firm em- 
ployment share, and skilled labor account 
for the differences in relative innovative ac- 
tivity. Thus, in Table 8 the hypotheses that 
each variable has an identical effect on small- 
and large-firm innovation activity are tested. 
The resulting F-test is statistically significant 
for skilled labor, company R&D, and con- 
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centration, as well as for the hypothesis that 
all of the variables jointly have an identical 
effect on small- and large-firm innovation 
activity. Thus, while there still remains am- 
biguity regarding the exact patterns between 


R&D, appropriability, and innovation activ- 


ity for large and small firms, there is consid- 
erable support for Winter’s (1984) hypothe- 
sis that different economic and technological 
regimes may account for at least some of the 
differences between the innovation activity 
of large and small firms. 


TV. Conclusion 


We have introduced a new and more di- 
rect measure of innovative activity in this 
paper and found that, while the total num- 
ber of innovations is closely related to RaD 
expenditures (particularly after excluding 
federal R&D), and patented inventions, 
especially at the more aggregated’ level, the 
exact relationship between R&D and in- 
novation is somewhat different from that 
between R&D and patents. While Bound 
et al. (1984) found that, based on firm data, 
the elasticity of ReaD expenditures with re- 
spect to patented inventions is about one, 
we find that the number of innovations 
increases with increased industry R&D 
expenditures but at a decreasing rate. Simi- 
larly, while the literature has found a some- 
what ambiguous relationship between con- 
centration and various measures of technical 
change, our results are unequivocal —in- 
dustry innovation tends to decrease as the 
level of concentration rises. In addition, there 
is evidence supporting the hypothesis that 
unionization is negatively related to innova- 
tion activity. Of course, these results are at 
best an introduction of the innovation data 
and need to be qualified, particularly i in light 


of the likely simultaneity between industry 


technology and market structure. Future re- 
search may be able to incorporate the endog- 
eneity of market structure in a manner sug- 
gested: by Levin and Peter Reiss (1984). 
This paper has also provided evidence 
supporting Winter's (1984) prediction that 
the innovation activity of small and’ large 
firms responds to considerably different 
technological and economic environments. 
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These findings are not without ambiguity. 
- Further research should apply the patent 
measure in a similar framework to determine 
whether its performance differs from that of 
the innovation measure used here. 


APPENDIX: DATA SOURCES AND 
FURTHER EXPLANATIONS 


The data on innovations and employment for small 
and large firms come from the U.S. Small Business 
Administration (Edwards and Gordon, 1984). These 
data can be obtained upon request from the authors. 
The U.S. Department of Commerce, Bureau of the 
Census, Annual Survey of Manufactures, 1977, Industry 
Profiles, Washington: USGPO, issued 1981, is the source 
for capital/output (gress assets dividéd by value-of- 
shipments), concentration, and value-of-shipments. The 
advertising measure was derived by using the value-of- 
shipments data described above and advertising ex- 
penditures, from the 1972 U.S. Input-Output Table. 

The unionization data are from Richard B. Freeman 
and James L. Medoff (1979). The percentage of total 
employment that is unionized for three-digit SIC in- 
dustries between 1973 and 1975 is reported. We repeat 
these three-digit SIC values at the four-digit level. The 
measure of skilled labor is from the U.S. Department of 
Commerce, Bureau of the Census, Census Population 
1970, Subject Report PC (2)-7C, Occupation by Industry, 
Washington: USGPO, issued 1972. 

The total R&D and company R&D data are from 
the 1977 Federal Trade Commision Line of Business 
Report. The patent measure used for the disaggregated 
three-digit SIC correlations in Table 3 is from the Office 
of Technology Assessment and Forecast of the U.S. 
Patent Office. Both the patent and skill measures are 
taken from the U.S. International Trade Commission’s 
Industrial Characteristics and Trade Performance Data 
Bank, June -1975, Office of Economic ‘Research, Wash- 
ington, D.C. The -USITC data bank is described by 
Edward J. Ray (1981) and these measures are available 
from the authors on request. 
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Cash Versus Kind, Self-Selection, and Efficient Transfers 


By CHARLES BLACKORBY AND DAVID DONALDSON* 


This paper investigates second-best (transfers in kind) and third-best (subsidies 
and taxes) Pareto optima in a simple model where government lacks full 
information about consumer types (who is able, who is infirm). These Pareto 
optima rely on self-selection. We show that every third-best optimum other than 
the equal-income Walrasian equilibrium is’ Pareto-dominated by a second-best 
optimum and that standard “willingness-to-pay” criteria are inappropriate in this 


environment, 


The second theorem of welfare econo- 
mics guarantees that, in convex economies, 
Pareto-efficient allocations can be decentral- 
ized as Walrasian equilibria. Lump-sum 
transfers are required along with informa- 
tion about preferences and needs (consump- 
tion sets). Transfers of purchasing power are 
“efficient” in the sense that they move the 
economy from one Pareto optimum to 
another. This property is not always shared 
by transfers of goods and services when re- 
sale is difficult or. impossible. 

If information about preferences is not 
publicly available to the government, the 
superiority of transfers of purchasing power 
over transfers of goods and services disap- 
pears (see the discussions by Peter Diamond 
and James Mirrlees, 1978; Ronald Dye and 
Rick Antle, 1986; Milton Harris and Robert 
Townsend, 1981; Peter Hammond, 1987; 
Albert Nichols and Richard Zeckhauser, 


*Department of Economics, University of British 
Columbia, #997-1873 East Mall, Vancouver, B.C., 
Canada, V6T 1W5. An earlier version of this paper was 
prepared for the conference Economic Models and Dis- 
tributive Justice, Brussels and Namur, January 8~10, 
1987; we wish to thank the organizers, Louis Gevers 
and Claude d’Aspremont, and the participants, particu- 
larly Peter Hammond and our colleague John Weymark. 
Earlier versions were presented at Dalhousie University, 
the Twelfth Canadian Economic Theory meeting at 
Montreal, and U.B.C, and we thank the participants of 
these seminars. In addition we have benefited from 
detailed comments by Bill Schworm and two referees 
of this journal for which we are grateful. We thank 
Francine Lafontaine and Robert Picard for program- 
ming assistance, and the Social Sciences and Humani- 
ties Research Council of Canada for research support. 
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1982; and Kevin Roberts, 1984). The reason 
is that people may attempt to claim transfers 
intended for others. For example, if rape 
victims are offered transfers of cash, every- 
one has an interest in qualifying. But if 
counseling is provided instead, only the in- 
tended beneficiaries will be interested in the 
transfer. As long as it is impossible or costly 
to distinguish victims from other people, 
there is an advantage to supplying the 
counseling service. This observation applies 
to many other social services, and to medical 
care and education.’ In all these cases, resale 
of the service is not possible. 

In this paper we present a very simple 
model that captures this phenomenon. A 
population consists of two types of individu- 
als. We consider one person of each type. 
Able is a healthy person, and Infirm is ill.? 
There are only two commodities in the econ- 
omy, yams and medical care. Both Able and 


! Medical care in the real world is a complicated case. 
Physicians often act as their patients’ agents, but are 
imperfectly informed about patients’ health status (they 
typically know more about some things and less about 
others) and face incentives that may lead them to over- 
use some treatments. We abstract from these considera- 
tions in this paper. Education fits our model when 
individuals know more about their abilities and drives 
than government does. Public education usually is 
offered in kind and it is rationed differently to people of 
different proven abilities. Voucher schemes are a form 
of transfer in kind. 

"Able and Infirm appeared, originally, in Cohen 
(1986). The model can be extended to arbitrary num- 
bers of each type as long as different individuals of a 
given type receive equal treatment. 


rrr RARA aa: 
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Infirm want yams; Infirm alone wants (needs) 
medical care. Medical care cannot be resold. 

First-best Pareto optima, in this economy, 
require (as long as Infirm’s consumption of 
both goods is positive) that Infirm’s marginal 
rate of substitution be equal to the marginal 
rate of transformation. All efficient out- 
comes can be decentralized as Walrasian 
equilibria.? This result requires that full 
information about preferences be public 
knowledge. 

It is possible that the government may not 
know which individuals are infirm and which 
able, but is limited instead to knowledge of 
the proportion of each type in the popula- 
tion. In that case, it may choose to offer two 
different consumption bundles, one with 
yams only, (y,,0), and another with yams 
and medical care, (y,,z), and allow individ- 
uals to choose between them. In the absence 
of moral qualms, Able will pose as Infirm if 
Yr > y4 (we assume free disposal of medical 
care; Able need not accept treatment). Simi- 
larly, Infirm will pose as Able if the utility of 
(y4,0) exceeds the utility of (y,, z). Second- 
best Pareto-optima are Pareto-optima in this 
environment; efficiency considerations alone 
require that Able and Infirm select the bun- 
dles that are intended for them (see Section 
II below). Thus, second-best optima satisfy 
self-selection constraints. We show that i) 
there ‘are some first-best optima that are 
second-best as well; ii) there are some sec- 
ond-best optima that are not first-best op- 
tima; iii) in all second-best optima that are 
not first-best, medical care is “overprovided” 
-—the marginal rate of substitution is less 
than the marginal rate of transformation— 
and the quantity exceeds the first-best level; 
iv) standard “willingness-to-pay” criteria are 
inappropriate in this model. 

All second-best optima are ‘ “envy-free” in 


the sense that neither Able nor Infirm would. 


prefer to consume the other’s bundle, how- 
ever, these optima require rationing.* Infirm 


Al agents are price takers. 


*By rationing, we mean that the quantity actually 


consumed must be less than or equal to the fixed 
quantity. This occurs in the model because of our 
assumption of free disposal. 
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may not conirol the amount of medical care 
he or she receives. 

It is possible to describe third-best Pareto 
optima, allocations where medical care can 
be bought and sold at a government-set 
market price, and where information re- 
mains imperfect. Self-selection now requires 
that the values of the two consumption bun- 
dles (incomes) should be the same (if not, 
one will pose as the other). This is a stronger 
restriction than freedom from envy and re- 
quires that-there is no “imcome-envy.” The 
price of medical care may be used to affect 
the distributicn of welfare, and a set of 
third-best optima can be found. We show 
that v) there is only one third-best allocation 
that is first-best—the equal-income Walra- 
sian equilibrium; vi) no second-best opti- 
mum other than this one is a third-best 
optimum; vii) each third-best optimum other 
than the equal-income Walrasian equi- 
librium is Pareto-dominated by a second-best 
optimum. 

These results suggest that, in these cir- 
cumstances, market solutions are inférior to 
rationing solutions even if subsidization or 
taxation of medical care is allowed. 

Our analysis is welfarist throughout—only 
utilities, and not their sources, count in the 
process of social evaluation. At the same 
time, it is clear that the Pareto optima cho- 
sen by standard welfarist criteria, such as 
utilitarianism or maximum utility, may ap- 
pear to have nonwelfarist characteristics. 
Second-best optima may appear to “force” 
Infirm to overconsume medical care (he or 
she would purchase less if faced with the 
Walrasian price and an equivalent income). 
We believe that it is important to realize that 
our intuitions about social policy are formed 
in a world of imperfections. Thus, ac- 
cusations of paternalism against those who 
favor rationed social provision of goods like 
medical care may be misplaced. 


I. First-Best Pareto Optima 


y4 20 is Able’s consumption of yams and 
(yrz) = (0,0) is Infirm’s consumption of 
yams and medical care, respectively. Able’s 
preferences are represented by ‘the utility 
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function 


(1) U4 = Vas 


where u, is Able’s (ordinal) utility.’ Infirm’s 
preferences are represented by the utility 
function U whose image is 


(2) u,=U(y,,2). 


We assume that U is increasing, twice con- 
tinuously differentiable, and strongly quasi 
concave.® In addition, we assume that y and 
z are normal goods for Infirm. The economy 
is constrained by a production possibility 
frontier given by 


(3) Yat yy+z=k.! 


The set of first-best allocations and the 
first-best utility possibility frontier (FBF) 
may be characterized by maximizing 


(4) | U( yrz), 


subject to the production possibility frontier, 
` (3), and to 


(5) Va uy, O<u,<k. 
The solution is given by 
(6) uf = F(u,), 


F is clearly a decreasing function; (6) de- 
scribes the first-best frontier (the FBF). 


O<u,<k. 


> Because preferences are ordinal and Able enjoys 
only one commodity, there is no loss of generality in 
choosing this representation. 

*See W.E. Diewert, M. Avriel, and I. Zang (1981). U 
is strongly concave if and only if, for all 


(vı, v2) # (0,0), 


nU, + vU, =0 


(7,2) © Et, 
(yr + 01,2 + 02) E EL, 


implies that oU, y + 20,020), + viU, < 0. 

This linear ‘production possibility frontier makes 
analysis of the problem simpler and does not entail any 
loss of generality with respect to those aspects of the 
problem in which we are interested. 
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Us SBF=MAI 
FBF TBF=LEH 


FIGURE į 


As long as full information about prefer- 
ences (who is able and who infirm) is public | 
knowledge, first-best allocations can be de- 
centralized as Walrasian equilibria, with’ the 
price of medical care relative to yams equal 
to. 1 the marginal | rate of transformation. If 
(yi, yf, z/) is a fitst-best allocation, then 
Able and Infirm must have purchasing 
powers m4, and mf (y is chosen as numeraire 
and its price set equal to 1), where ~ 


(7) Ma” yf 
and 
(8) mf = yf + 2, | 


If the values of their endowments (there is 
no profit because of constant returns) differ 
from m4 and mf, a lump-sum transfer must 
be made from one to the other. — 

As an example, we consider the utility 
function for Infirm’ 


(9) | U( ypz) = y,—e'7?, 


and set k=6. The FBF is shown in Fig- 
ure 1. Along the frontier, z/=1 as long 


The utility function in (9) does not make y and z 
normal. goods at all income levels (instead they are 
noninferior). This does not complicate the example un- 
duly. Normality of goods simplifies the analysis consid- 
erably in the general case; its main function is to ensure 
that y, and z are positive along the FBE as long as 
u4 <k. 
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as O<u,<5, and uf=4- u4. For u,>5, 
yf =0 and zf=6-—u, so that uf= 
— exp[1 —(6—u,)]. 


H. Second-Best Pareto Optima 


If the government cannot tell who is Able 
and who is Infirm, then a problem arises. If 
Able and Infirm are selfish and unprincipled, 
each will pose as the other if he or she gains 
by it. Consequently, the government must 
take account of self-selection when allocat- 
ing resources. 

We suppose that the government offers 
two bundles (y,,0) and ();,z) to the two 
people. For self-selection, Able must be al- 
located sufficient yams to prevent him or her 
from pretending to be infirm. That is, 


(10) Ya = Yr- 


If Able receives many more yams than In- 
firm, it is possible that Infirm will choose to 
forego the offered medical care. Thus, self- 
selection requires | 


(11) U( 97,2) = U( 4,9). 
In our example, (11) becomes 
(12) ype}? > ye. 


The constraints are illustrated in Figure 2 
for a fixed value of y,; the two constraints 
cannot bind simultaneously unless z = 0. 

Second-best Pareto optima are the Pareto 
optima for this rationing scheme in the above 
restricted information environment. All sec- 
ond-bést Pareto optima must satisfy the 
self-selection constraints (10) and (11). To 
see this, suppose that an allocation has both 
people pretending to be able and consuming 
(y,0). If z> 0, this is inefficient and hence 
not a second-best optimum; if z=0, the 
constraints are satisfied. Suppose, on the 
other hand, that both people pretend to be 
infirm, and are offered (y, z). This is equiv- 
alent, in utilities, to the bundles (y,0) for 
Able and { y, z) for Infirm which satisfy the 
constraints. If z > 0, resources are saved by 
the change. 
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Z u(y »2) = 





FIGURE 2 


First we demonstrate that some points on 
the FBF are also on the second-best frontier 
(SBF). Using (), rewrite the self-selection 
constraint (11) as 


(13) u, > U(u4,0). 


At u,=k, uf = F(k) =U(0,0) so that (13) is 
not satisfied. Define the largest value of u, 
which satisfies (13) by 


(14) up = F(uy) =U(t,,0). 


Since F is decreasing, the constraint (13) is 
satisfied at all pcints on the FBF with u,< 
u, and is not satisfied when u,>u,. Next 
rewrite the self-selection constraint (10) for 
points on the FBF by 


(15) u42 yf, 


where yf is the first-best value of y; corre- 
sponding to u4. Since y is a normal good for 
Infirm, its consumption is strictly decreasing 
along the FBF as u, increases. This allows 
us to define the smallest value of u, which 
satisfies the self-selection constraint (10) as 


(16) U4 yf. 


Since y is a normal good for Infirm, the 
solution to (16) is unique. Clearly, the self- 
selection constraint (15) is -satisfied for all 
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U,2uU,.” It is shown in the Appendix that 
u,<u,. Hence all first-best optima with u, 
<u,<u, are also second-best Pareto op- 
tima. ` 

In our example, “7, is (2+(e/2)) = 3.4, 
and u, is 2.5. All points on the FBF be- 
tween A and J in Figure 1 are second-best 
optima. 

There are second-best Pareto optima out- 
side this range, and they are different from 
the corresponding first-best optima since one 
of the self-selection constraints binds. Each 
second-best Pareto optimum must maximize 


(17) u, =U(y;,z) 


subject to (3), (5), and the self-selection con- 


straints (10) and (11). For u4 = y4 > ŭ4, no 
solution to this: problem exists since (11) 
cannot be satisfied. For values of u, such 
that O<u,<u,, we write the solution to 
this problem as 


(18) 


All second-best Pareto optima satisfy (18), 
but not all utility pairs satisfying (18) are 
second-best Pareto optima. We define u7 as 
the value of u, that maximizes uł. Then the 
second-best frontier is given by (18) for u7 
<u su 


uy = S(u,). 


THEOREM 1: (i) There are no second-best 
optima with u,>u,; (ii) For all u4, u S u4 < 
ü, the second-best and first-best optima 
coincide; (iii) There are the second-best op- 
tima with u; < u4; in all of these allocations 


U,( yrz) 
———— <1 


(19 MRS, = l 
) á U,( yrz) 


"If we dispense with the normality assumption, there 
may be several values of u,= y; satisfying (16). The 
“true” second-best regions may therefore not be con- 
nected. 

It is straightforward to show that strong quasi-con- 
cavity of U implies strong quasi-concavity of uj} in u,. 
It follows that there is exactly one uJ satisfying (18), 
and that all combinations (u4, uz) with u% < u4 < U4 
are second-best optima. If u7 =0, then all (u4, u}),0 < 
u4 =Z ü, are second-best optimal. 
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and the second-best level of z exceeds the first 
best. 


PROOF: See the Appendix. 


The proof of the theorem shows that u7 
<u, and that S is decreasing for all u, 
> ult. In the range uï <u4< u4, the sec- 
ond-best allocation for Infirm is (u,,k — 
2u,). The reason for this is that the first-best 
level of y,,y{>u4= y,, which is ruled out 
by self-selection. Hence, in this part of the 
SBF, | 


(20) us=S(u;)=U(u;,k—2u4). 


If u% > 0, then the first-order condition for a 
maximum holds and is given by 


(21) U,(ut,k -2u7) 
-2U,(u2,k 2u) =0. 


Here the MRS, =1/2 so that Infirm’s 
shadow price (marginal willingness-to-pay 
for medical care) is half of marginal cost. 
Further reductions of y, with corresponding 
increases in z reduce Infirm’s utility along 
with Able’s, so there are no second-best op- 
tima with u4 < u7. 

If levels of utility are interpersonally com- 
parable, then the maximin utility criterion 
may be applied. If 
(22) u” =U(u},k—2u}) < ut, 
then this point on the SBF will be selected. 

In the example (see Figure 1), for u4 < 
5/2, the second-best frontier-is given by 





(23) uy =u, e29, 

and u; reaches a maximum at ~ 
5—In 2 

(24) un = = 22; 


where uy =1.7. The second-best frontier is 
given by (23), 2.2<u,<2.5 and coincides 
with the FBF for 2.5 <u,<3.4. Below u, 
= 2.5, 


(25) MRS,, = e°- <], 
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The second-best frontier (SBF) is drawn in 
Figure 1 and is MAI. 

This second-best result has important con- 
sequences for the provision of social services. 
A standard cost-benefit evaluation of in-kind 
programs is a ‘marginal ‘willingness-to-pay 
test. That is, one asks how many yams the 
recipient would give up to obtain a- unit 
increase in z.'! Locally this is given by the 
marginal rate of substitution between y and 
z. Since the MRS ;<1 at second-best op- 
tima where the self-selection constraint (10) 
binds, this means that willingness-to-pay or 
marginal benefit tests for optimal provision 
are inappropriate. 


“IIL. Third-Best Pareto Optima 


In second-best optima, consumers are ra- 
tioned. They must choose a fixed quantity of 
medical care and there is no way for them to 
sell it for yams or to buy more. In this 
section we investigate the case of market 
solutions in the second-best information en- 
vironment. - 

‘First-best optima allow Walrasian markets 
to be used.(the second. theorem of welfare 
economics) with incomes (after. lump-sum 
transfers) given by (7) and (8). If, however, 
one agent’s money income is greater than the 
other’s then the low-income person will have 
an incentive to lie about his or her health 
status. Consequently, an incentive problem 
exists with all first-best .market solutions 
other than the equal-income Walrasian equi- 
librium. . ... 3 | 

Third-best Pareto optima can be char- 
acterized as follows. ‘The government sets a 
price g for medical care (the price of yams is 
set equal to one) and an income m which 
both Able and Infirm enjoy. Because both 
Able and Infirm have the same budget set, 
neither will be tempted to pose as the other 
(there is no “income envy”). Able will spend 
all of his or her income on yams. Infirm will 
choose §,=Y(q,m) and Z,=Z(q,m) to 
maximize U(y;,z) subject to y,;+qz<m. 
Infirm’s maximized utility, given q and m, is 


“!See, for example, the argument by Maria Schmundt, 
Eugene Smolensky, and Leanna Stiefel (1975). 
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represented by the indirect utility function 
(26) u,;=V(q,m) 

= U(¥(q,m),Z(q,m)) 

= max {U( ys, z)|yr+ gz <m). 


All third-best Pareto optima must solve 
the problem of choosing (q, m) to maximize 


(27) V(q,m) 
subject to 
(28) y,=uz=m,0K<u,<k, 


and 
(29) y,+Y(g,m)+Z(q,m) <k. 


Solutions will exist for some but not all u, 
in [0, k]. For all u, where a solution exists, 
we write 


(30) ur=T(u4). 


By restricting the domain of T to the region 
where T has a nonpositive slope, the third- 
best frontier is found. 


THEOREM 2: (7) The equal-income Walra- 
sian equilibrium. is a third-best Pareto opti- 
mum and it is the only first-best optimum that 
is also a third-best optimum; (ii) No second- 
best optimum other than the equal-income 
Walrasian equilibrium is a third-best opti- 
mum; (iii) There are third-best optima other 
than the equal-income Walrasian equilibrium; 
(iv) Every third-best optimum other than the 
equal-income Wairasian equilibrium is Pareto 
dominated by a second-best optimum. 


PROOF: See the Appendix. 


The proof of Theorem 2: (iii) shows that 
there are third-best optima on both sides 
of the equal-income Walrasian equilibrium 
(EIWE). If (uf, uf) are the utilities at the 
EIWE, then if u,<u%, a third-best opti- 
mum must have V(g,u,)>V(1,u%) = už, 
where @ is the optimal choice of q. In this 
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TABLE 1 
Type of 
Pareto Lowest Highest Lowest Highest 
Optimum U4 U4 Uy Uy 
First-Best 0 6 —2.8 4 
Second-Best 2:1 3.4 6 r7 


Third-Best 2:3 3.2 6 1.3 


case, therefore, G<1 and medical care is 
subsidized. Third-best optima that favor In- 
firm relative to the EIWE provide low-cost 
medical care. A similar argument establishes 
that if >1 for all third-best optima with u, 
> uf. Third-best optima that favor Able rel- 
ative to the EIWE tax medical care. 

Theorem 2 makes it clear that, when there 
are information constraints, markets may be 
less attractive than rationing. Rationing per- 
mits a whole range of first-best equilibria to 
survive as second-best. In addition, all 
third-best optima other than the equal- 
income ones are Pareto inferior to some sec- 
ond-best optimum. 

This result is illustrated by our example. 
In Figure 1, the third-best frontier (TBF = 
LEH) lies inside the second-best, touching it 
at E, the equal-income Walrasian equi- 
librium. The example is summarized in Ta- 
ble 1. 

The third-best maximin utility for Infirm 
is u; =1.3. This is a loss of maximin utility 
over second- best (ur =1.7) or first-best 
(uy =u,= 2.0). 


IV. Ex Ante and Ex Post Optimality 


The discussion above is set in a certain 
world. We can imagine, however, a certain 
outcome ex post—one person able, one in- 
firm—and an uncertain world ex ante, with 
each person facing an equal chance of being 
able or infirm.’* A planner might choose to 
arrange things so that the outcome is 
ex ante Pareto optimal. This means that it is 


We rule out uncertainty about the number of in- 
firm people for simplicity. If there is uncertainty of this 
type, then satisfaction of the self-selection constraints 
will reveal the proportions of the two types. 
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impossible to raise one person’s expected 
utility without lowering the other’s. 
Expected utilities can be written as 


(31) EU = 3U“(y,) T ZU! (yr, z): 


The von-Neumann- Morgenstern functions 
U4 and U’ must be increasing, concave if 
people are risk averse, and U7 must be ordi- 
nally equivalent to U. 

Since both people have identical expected 
utilities, an ex ante Pareto optimum results 
when EU is maximized subject to (3). This 
procedure will choose a particular first-best 
ex post Pareto optimum, on the FBF dis- 
cussed above. It is easy to construct exam- 
ples where this has incentive problems ex 
post. 

For example, if 


(41) 


EU = 4In(y, +e) 
+1n(y,-e!7+e), 


first-best ex ante optimally requires, for k = 
6,(¥4 Pr 2) = (2,3,1). The utility functions 
used here are ordinally equivalent to the 
ones of previous sections. The allocation 
(2,3,1) with y, > y, does not satisfy the sec- 
ond-best constraint. Therefore, there will be 
a temptation for Able to pose as infirm when 
the uncertainty is resolved. A planner with 
information problems must choose second- 
or third-best optima. 

Can insurance companies help i in this case? 
Clearly, the usual first-best optimal in- 
surance contracts with money payoffs and 
Walrasian spot prices will not do. It seems 
clear, however, that insurance companies can 
provide insurance in kind. This can be, for 
example, medical care that cannot be sold. 
Such phenomena can be observed. Insurance 


This procedure treats the two individuals “anony- 
mously.” If individuals have names that are indepen- 
dent of health status then other ex ante Pareto optima 
can be found by awarding bundles that depend on 
health status and name. This occurs because there are 
now two possible social states—person one is able and 
person two infirm, and person two-able and person one 
infirm. These Pareto apama aré ex Ta Pareto a 
as well. nee 
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companies often pay contractors directly 
when claims on fire: insurance policies are 
made. Indeed, this example suggests that 
self-selection and moral hazard are closely 
related. If lying about the occurrence of a 
fire is not profitable because companies know 
whether a fire occurred or not, then setting 
fire to an overinsured building may be the 
next “best” action. 

In second-best optima, with payments in 
cash rather than kind, people may well pro- 
test that they are “overinsured,” preferring 
to transform some of their medical or other 
benefits into consumption goods. 


V. Conclusion 


This paper is about Pareto efficiency in a 
world of incomplete information. Second- 
and third-best Pareto optima are char- 
acterized when rationing (second-best) or 
taxes and subsidies (third-best) are used to 
allocate resources. Second-best optima that 
are not first-best occur when the first-best 
distribution is not compatible with the self- 
selection constraints. Thus, when the govern- 
ment finds that more yams may not be trans- 
ferred to Infirm because Able covets them, 
transfers of medical care may still be feasible 
and useful. That is the reason why we ob- 
serve an apparent “overprovision” of medi- 
cal care. 

A similar phenomenon occurs with third- 
best. Subsidized or taxed medical care 
changes the distribution of well-being when 
incomes must be equal for self-selection rea- 
sons. 

These second- and third-best Pareto op- 
tima are inconsistent with many of our intui- 
tions. Cash is no longer better than kind, 
markets are not superior to rationing, and 
“marginal willingness-to-pay equal to margi- 
nal cost” is not a good cost-benefit rule. 

However, some of the second-best optima 
are also first-best. Would it be possible for a 
“Paretian” welfare economist to exhibit a 
preference for second-best optima that are 
also first-best over the other second-best op- 
tima? Such a choice would require an ad- 
ditional ethical criterion, one that dis- 
tinguishes among Pareto optima. But the 
separation of the second-best frontier into 
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two qualitatively distinct parts is a distribu- 
tional phenomenon. Second-best optima that 
are also first-best favor Able over Infirm; 
therefore, a preference for these Pareto op- 
tima is, in our model, a distributional prefer- 
ence. 

Do the results of this paper support ra- 
tioning of medical care or other government 
financed or provided services? In our model, 
there is only one kind of sick person, and the 
government knows the preferences that each 
of these people has. If there are many ill- 
nesses, and if any two people with the same 
illness have the same preferences, then our 
model can be extended to this case. If differ- 
ent people have different preferences or in- 
comes when they have the same illness, then 
the case for pure rationing is weakened. 
Clearly, optimal policy choices in the real 
world may include mixed schemes, or, possi- 
bly, two-part tariffs. 


APPENDIX 
LEMMA: u,< uy. 
PROOF: At t4, 


(A1) ua = YaF Yr 


where y, is the first-best allocation of yams 
to Infirm corresponding to u,. This means 
that u,<k, and, because z is normal for 
Infirm, z > 0. Thus 


(A2) 


+ 


U( y4,0) =U y,,0) <U( yr, z) = uy, 
and this implies 
(A3) ur > U(u,,0). 
From (14), 


U,< Uy. 


4In British Columbia, physiotherapy is financed 
‘through the medical plan with a two-part tariff—five 
dollars per visit for the first twelve visits in a year and 
market price for edditional visits. l 
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PROOF OF THEOREM 1: 

(i) If u,>a,, then on the FBF (uf = 
F(u,)), 
(A) uf= Fup) < Ulun 0). 


Ai second-best utility u; = uş for uj > U4 
satisfies 


(A5) ‘uy < F(u4) <U(u,,0). 


But isi means that (13) is not aa and, 
therefore, such a u} does not exist. 

(i) If u,<u,<u,, both self-selection 
constraints are satisfied along the FBF. Con- 
sequently, each first-best optimum is a sec- 
ond-best optimum and. the second-best fron- 
tier. (SBF) coincides with the FBF. 

(ii) For u,<u,, constraint (10) is not 
satisfied on the FBF but (11) is. Accordingly, 
second-best allocations maximize 


(A6) U( yrz) 
subject to 

(A7) Yrtzsk-u,; 
ane 

(A8) Vy S Uy. 


Since (A8) binds, second-best allocations 
must satisfy 


(A9) uy =U(u,,k —2u,). 

Hence, 

(A10) tiyu. 
du, ? n: 


At u,=u,, second-best and first-best coin- 

cide, with 

(a1) 2 1 
7A 


(z > 0 because of normality). Consequently, 
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from (A10) and (A11) 


(A12) 





cu 20 U 0 | 
= — = — < . 
du y : zZ Z 


A ug ua 


Hence, there are second-best Pareto optima 
for u} <u,. At all these allocations, the 
first-order conditions (with A and ‘p the 
Lagrange multipliers for constraints (A7) and 
(A8), respectively) are 


(A13) > U,(y,,z)=Atp | 
and 
(A14) = ‘U,(97,2) =A, 


as long as u,>0. (A13) is satisfied with 
equality because z must be strictly increas- 
ing as u4 descends from u,. Hence 


U,(y;, Z) À 


(Als) oo o eee, 


U, (yrz) A+B 

(A15) must hold as u, > 0 as well if a okies 
optimum exists there. Further since yf > yf 
=u, in the first-best allocation, y; must be 
reduced in the second-best. Hence, z is over- 
provided in the second-best. 


PROOF OF THEOREM 2: 

(i) Since y and z are both normal goods 
for. Infirm, the EIWE is unique. Consider 
any other first-best optimum. Because U is 
strongly quasi concave, there is only one 
possible choice of q (q=l1)as long as y, and 
z are positive. This is the case for all first-best 
allocations with u,<k. Thus incomes must 
differ, and these allocations are not third- 
best. At u,=k,m,=0 and m,=k so this 
is not third-best. 

(11) Suppose that a second-best optimum is 
not the EIWE and is a first-best optimum. 
Then by (i), it is not third-best. Suppose it is 
second-best but not first-best. Then by Theo- 
rem l, yp=y4=ug<uy, and since u,< 
u,,z>0. Because U is strongly quasi con- 
cave, q is unique, and q > 0. We have 


(A16) Ma= aS yy tqz=m, 
so that it cannot be third-best. 


——— a ee ee 


-= naana a, 
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(iii) Let the q that maximizes u; = V (q, u4) 
subject to (28) and (29) be j= = O(u,)) 
and define ¥(u,) = Y(4, u4) and Z(u,) * = 
Z(q,u,). Then, from (29), 


(A17) ug +¥(u4)+ Z(u,y) =k, 


and the maximum may be written u}= 
T(u,). This touches the FBF-at the EIWE 
and lies below it elsewhere. Under our as- 
sumptions, derivatives of ut, Ý, Ž with re- 
spect to u, exist in a neighborhood of:the 
EIWE, and 


du; od i oP 
(a18) 5) © = 5-U(¥(u4), Z(us)) 
U i BIW uy 
n U, Y (u4) + UZ u4) 
=p(F'(u4)+ Ž’(u4)) 
=p(=1) 
=j, 
where 
(A19) =U, =, 


at the EIWE, and Y(u,)+ Z2(u,)=-1 
from a Along the FBF. 
-duf WV(1,k—u 
(A20) < paee av(1, k- u4) 
Tin dug. - au, . 
oo a 
Thus the two frontiers are tangent with a 


negative. slope at the EIWE, and there are 
third-best optima in a neighborhood. 
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(iv) Suppose that a third-best optimum is 
not the EIWE. Then, ‘it satisfies the second- 
best constraints (10) and (11). It cannot be a 
second-best optimum because of (ii). There- 
fore, itis Pareto dominated by a.second-best 
optimum. 
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E Economic and Political Foundations of Tax Structure 


By WALTER HETTICH AND STANLEY L. WINER* 


.. The paper derives the essential elements of tax systems as the outcome of rational 
behavior in a model where government maximizes expected support and where 
opposition to taxation depends on the loss in full income. The analysis treats the 
level of expenditures as endogenous and integrates the influence of administration 
costs with that of. political and economic factors. Tax structure is shown to be a 
-system of related components-in equilibrium. 


While the theoretical literature on taxation 
has flourished in the past fifteen years, tax 
theory continues to suffer from important 
limitations. Perhaps the most serious short- 
coming is a dichotomy in assumptions on 
what motivates public and private decisions. 
While private behavior i is modeled as self-in- 
terested in the way common in other areas of 
economics, public ‘decision makers. are as- 
sumed in much of the tax literature to choose 
and implement policies according to general 
social criteria such as efficiency and equity. 
The conflicting: treatment of private and 
public choices restricts the ability of econo- 
mists to understand the operation of actual 
tax systems and to explain why they have 
the characteristics and structure that we 
commonly observe. . 

We show in this paper that the. essential 
facts of tax systems.can be explained as the 
natural outcome: of self-interested decision 
making if such behavior is assumed in both 
the private and public sectors. Actual tax 
systems are complicated and often elaborate. 
Underneath their rather baroque appearance 
lies a simple skeleton, however, consisting of 
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a limited number of parts or components. 
The main elements in all tax systems are tax 
bases, rate structures, and special provisions, 
such as. exemptions and deductions. A theo- 
retical analysis of tax structure must show 
how these elements arise as a result of private 
and public choices and what determines their 
design and their importance within the sys- 
tem as a whole. 

The emphasis in the paper is on the rea- 
sons for the emergence of the tax skeleton 
with a given set of political institutions. An 
alternative approach. to positive tax theory is 
to assume the existence of one particular 
aspect of tax structure and to allow voters to 
choose relevant parameters through major- 
ity rule (Thomas Romer, 1975; K. W. S. 
Roberts, .1977; A. H. Meltzer and S. F. 
Richard, 1981, 1983). While focusing on one 
feature permits. more detailed analysis of 
that component, it avoids the broader ques- 
tion of why tax structure as a whole exists 
and how different parts of the tax skeleton 
are related. A similar limitation also affects 
work which emphasizes particular determi- 
nants, such as administration costs and op- 
portunities to tax (Richard Musgrave, 1969). 

The paper starts with the presentation of a 
basic model in which a government maximiz- 
ing expected support sets tax rates for N 


‘Musgrave refers to tax handles, a term which ap- 
pears to include the changing opportunities to levy 
taxes as well as tax administration costs. Some authors, 
such as Harley Hinrichs (1966) also rely on exogenous 
cultural and political factors. For an attempt to base the 
explanation of tax structure primarily on political fac- 
tors, see Susan Hansen (1983). 
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individuals who have different economic and 
political responses but who engage in the 
same type of economic activity. The result- 
ing equilibrium serves as a reference solution 
for later parts of the paper where the analy- 
sis is generalized to include many activities 
by taxpayers and to account for the creation 
of bases, rate structures, and special provi- 
sions. The paper also contains a discussion 
of the relationship of tax rates and tax reve- 
nues and a comparison with two well-known 
alternative approaches, optimal taxation and 
the Leviathan model. 


I. A Basic Model 


The approach to political economy adopt- 
ed here relies on the modeling of political 
equilibrium rather than of the political pro- 
cess. There is a successful literature that 
uses models of this type, including work by 
George Stigler (1971), Sam Peltzman (1976), 
and Gary Becker (1983), and having its roots 
in the writings of Joseph Schumpeter (1950) 
and Anthony Downs (1957). This literature 
has focused on the implications of different 
equilibrium outcomes for government policy 
while bypassing questions concerning the ex- 
istence and stability of political equilibrium 
and the explicit derivation of government 
objective functions in a game-theoretic con- 
text. Political equilibria are interpreted as 
the outcome of a competitive process and no 
independent role is assigned to bureau- 
cracy.* Our paper can be viewed as a further 
formalization and extension of this litera- 
ture. l 

A second important tradition of analysis 
has taken a quite different direction, empha- 
sizing theoretical questions of existence and 
stability (see for example, Peter Ordeshook, 
1986, ch. 4). This tradition has not been 
concerned with developing institutional im- 
plications, perhaps because problems of ex- 
istence and stability are sufficiently difficult 


* The underlying assumptions for this approach are 
that political competition is sufficiently strong to force 
convergence to an optimal strategy and that the ensuing 
equilibrium is stable. 
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in their own right. While we see no general 
solution emerging as yet from this literature 
which could serve as a basis for modeling tax 
structure, we will suggest briefly how our 
objective function could be derived from the 
solution to a particular electoral game de- 
scribed in a recent paper by Peter Coughlin 
(1986). | 

We assume that the government’s objec- 
tive in designing a tax structure is to maxi- 
mize expected support, a term which can be 
interpreted in both a narrow and broad 
manner. In the “narrow” version, individual 
support for the government depends (i) on 
the benefits from public goods and the loss 
in full income resulting from taxation and 
(ii) on characteristics which determine how 
a particular individual’s net economic ben- 
efit from the fiscal system is translated into a 
probability of voting for the government. 
Examples of relevant such characteristics in- 
clude the cost of voting, age, and the taste 
for civic duty. The government’s objective in 
this model can be mterpreted as the maximi- 
zation’ of expected votes, an objective often 
used in the literature since Downs. Maximi- 
zation of expected votes can be regarded as a 
simple way of capturing the motivation of a 
government which is unsure of the ident- 
ity or characteristics of its opponents in fu- 
ture elections (Arthur Denzau and Michael 
Munger, 1986; David Mayhew, 1974). 

A broader interpretation of the term sup- 
port which we have found useful in em- 
pirical research (Walter Hettich and Stanley 
Winer, 1984; Winer and Hettich, 1987) is 
also possible. In this view, support has a 
third component in addition to those already 
mentioned. As seen by the government, 
effective suppcrt depends not only on the 
likelihood that an individual will cast a 
favorable vote in the next election but also 
on the individual’s relative political influence 
in a world where equality of franchise differs 
from equality of influence. As a result, the 
government maximizes the weighted sum of 
expected votes where weights depend on 
voter characteristics such as interest group 
membership and strength and on individual 
attributes such as personal wealth. . 

In the model presented below, the prob-. 
ability of any individual’s voting for the 
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government is influenced positively by the 
services received from a pure public good G 
and negatively by his loss in full income v 
(including deadweight: loss) from taxation. 
Voters base their decision on whether to 
support the government on how they are 
affected by benefits and taxes and are not 
influenced by how others are treated. More- 
over, individual taxpayers see no connection 
between the level of services provided and 
their own tax burden. This implies that there 
is no direct link between expenditure struc- 
ture and tax structure, even though the level 
of expenditures is endogenous and affects 
tax structure indirectly through the govern- 
ment’s budget constraint. The separation of 
taxes and expenditures is an important char- 
acteristic of modern fiscal systems, and for 
this reason, a good starting point in con- 
structing a positive theory of tax structure. 
One may also note that assuming such sep- 
aration helps to simplify a rather” complex 
theoretical problem and has proven useful in 
empirical research. 

Given the above assumptions, we can 
represent the ith voter’s support for the 
government as: 


(1) {5,(G)—c,(v,)} i=1,2,...,N 


where N is the number of taxpayers and 
where 0b,/8G>O0 and dc,/du,>0. In the 
narrow view, (1) normalized appropriately 
represents the probability of voting for the 
government, while in the broader interpreta- 
tion it is that probability weighted by ad- 
ditional factors determining effective politi- 
cal influence.? The term b; in (1) represents 
benefits for individual i while c; can be 
interpreted as effective opposition to taxa- 
tion by the rational voter. The greater is c; 
the smaller is the expected support from the 
ith voter. Opposition depends positively on 
the loss in full income v; which may be 


One approach to the narrow interpretation of (1) is 
to define an index of support J, = b;(G)— c¢,(v;). Then 
let p; be an increasing function of J; which translates 
the support index into a voting probability, 0 < p,(J;) < 
1. The standard logit or probit model could be used to 
define p;. 
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written as 
(la) v,=T,+d,, 


where T, is the tax payment and d, is the 
deadweight loss or welfare cost of taxation 
for the ith voter. . | 

We shall also assume that taxation of the 
ith voter is proportional at rate f, that B; 
the level of the taxable activity of the ith 
voter, is related negatively to ¢,, while the 
welfare loss d; depends positively on t; and 
on exogenous factors x, that determine the 
nature of the supply function for the taxable 
activity. (If the taxable activity is work, for 
example, an important component of x, will 
be the taste for leisure.) Hence for i= 
| ares 2 


(1b) ety 


(1c) B,=B,(t;,x;) 0B,/dt;<0 
and 
(id) dd, = (t,,x,) 0d, /t, > 0 


with d, = 0 and v; =T, if taxes did not dis- 
turb behavior.‘ Equations (1c) and (1d) re- 
flect the voter’s utility-maximizing response 
to taxation. For simplicity it is assumed that 
all taxpayers engage in the same type of 


activity (but that they are otherwise unique). 


and that..their economic and political re- 
sponses to taxation are known to the govern- 
ment without cost. 

The government chooses the level of pub- 
lic expenditure G and tax rates ¢,, f,,...,t, 
sO as to maximize expected support 


(2) D {b (G)- c (v) }, 


i=] 


t Putting deadweight costs (1d) explicitly into the 
model is a convenient method of incorporating the full 
consequences of taxation for individual welfare. See 
Becker (1983) for a similar construction. 
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subject to the government budget restraint 


(2a) G- > i, B,=0, 

i=1 
and subject to taxpayers’ responses to taxa- 
tion reflected by equations (1c) and (1d). 

. While we shall not further develop this 
aspect of the analysis, it is of interest to note 
that maximization of (2) can be viewed as 
describing the outcome of a particular two- 
candidate game. Coughlin (1986) has con- 
structed such a game where every voter has a 
finite probability of voting for any one of the 
two candidates. Equilibrium can be repre- 
sented by the maximization of any candi- 
date’s expected vote over the policy space 
available to him.° Candidates use a binomial 
logit model to determine the probabilities 
that they will receive the support of particu- 
lar voters. These probabilities and hence the 
candidate’s expected vote are related posi- 
tively to the net effect of government policy 
on the welfare of voters. Since we can write 
(2) more generally as 


@) Ease). 


where p; is the ith voters probability of 
voting for the government and f; represents 
the effect of fiscal policy on his welfare (f 
depends positively on public services: G and 


negatively on tax rates 4), maximization of. 
(2) or (2’) and the equilibrium of the voting: 


game characterize the same policy choices.° 


Coughlin states his results in terms of the maximiza- 
tion of expected plurality. However, his assumptions 
about candidates’ beliefs concerning voter behavior im- 
ply that the maximization of expected plurality and of 
expected votes are equivalent objectives. One should 
note that in Coughlin’s game, candidates propose after- 
tax incomes subject to a constraint on the sum of their 
incomes. This can also be viewed as the proposing of 
tax payments subject to a government budget con- 
straint, 

We can think of f as the voters post-fisc util- 
ity relative to his pre-fisc utility, the level of which 
is: assumed given. (2) could also be written as. 
2 p: (U (G,t)— U,}, where Û, is pre-fisc welfare. 
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‘In the basic model, the first-order condi- 
tions for a solution to the government’s 
problem consist of equations (2a), (3a), and 
(3b): 
(3a) > 0b, /aG —A=0, 

i 


(3b) —(dc,/dv,-d0,/at;) 


+ \(B,+ 1,-0B, /at,) =0 
ie eee 


The first term in brackets .in..(3b) is the 
growth in opposition that results from in- 
creasing ¢,. The second term in.brackets rep- 
resents OT; /dt,, the additional revenue raised 
by this rate increase. The meaning of these 
results can be understood more easily if we 
restate the first-order conditions (3) for each 
i as l 


4) B;-(1+;) = 


where s= 0B, Ot, -t;/B; is the elasticity of 
the ith taxpayer’ s activity with respect to his 
tax rate.’ Thus the politically optimal tax 
structure in the basic model requires a choice 
of tax rates that equalizes marginal political 
costs per dollar of additional revenue across 
all taxpayers. This tax structure will finance 
a total expenditure’ such that ‘the marginal 
political benefit of another dollar of expendi- 
ture A is equal to the common marginal 
political cost per dollar of additional reve- 
nue. 


‘7We only consider interior ‘solutions where every- 
body’s support is solicited to some extent. This is con- 
sistent with the type of equilibrium considered in the 
probabilistic voting literature referred to above, where 
in equilibrium every voter has a positive probability of 
voting for each candidate. 

Second-order conditions for a unique solution to the 
government’s problem include, in addition to assump- 
tions about derivatives made above, (i) bS°-<0, (ii) 
viii > 0, (ii) fi'i > 0, and (iv) Bfi'i <0. Superscripts 
denote partial dzrivatives. Note that the separation of 
expenditures and taxes and the independence of 
taxpayers assumed in the text implies that cross-partial 
derivatives of the objective function with respect to 
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While the first-order conditions above in- 


- tegrate economic and political behavior, they ` 


yield only a very simple tax structure which 
still misses several essential elements of ob- 
served tax systems. Tax structure in (4) con- 
sists of N rates on one activity, with each 
taxpayer being taxed at a unique rate. As 
yet, voters are not grouped into rate brack- 
ets, activities are not grouped into bases, and 
there are no special provisions. In subse- 
quent sections we extend the basic model to 
account for these additional elements. 

We are interested primarily in establishing 
a set of sufficient conditions for the existence 
of a stylized tax structure. Since we can 
accomplish this without endogenizing inter- 
est group formation and without relaxing the 
assumption of independence among net 
political benefit functions of voters, or the 
assumption that their economic and political 
responses to taxation are known to the 
government without cost, we shall maintain 
all three assumptions throughout the paper. 


Il. Taxation of Many Activities 


In this section we demonstrate that the 
taxation of many activities is a natural out- 
come of expected support maximization. The 
loss in full income given by (la) can be 
generalized to v,=0,(T;,T,.,...,7;;,d;) in 
the case in which each taxpayer conducts J 
activities and faces tax rates fp, tj,-.-., t;7- 
Equations (1c) and (1d) may also be simi- 
larly generalized. In this case, the govern- 
ment budget restraint (2a) becomes 


(2a') 


and the first-order conditions for the govern- 


policy instruments are zero. It is also assumed that 
taxable activities are independent across taxpayers. 
Conditions (i) and (iii) imply that marginal opposition 
to taxation increases with tax rates. Conditions (i) to 
(iii) ensure the objective function (2) is strictly concave, 


while (iv) ensures that the constraint. (2a) is strictly. 


CONVEX. 
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ment’s problem (4s) change to 


B, (1+ e;;) X tin OB, /9t;; 7 
hej 


i=1,2,...,N; j,h=1,2,...,J 


(4’ A 


where Ejj = ð Bij/ð tij tij/ Bij. The second 
term in the denominator on the left side of 
(4’) represents the effect of taxing activity j 
on other activities conducted by a given 
taxpayer.’ Activities of different taxpayers 
are, however, assumed to be independent in 
this formulation.” 

Equation (4’) generalizes the conditions 
stated in (4). It implies that the politically 
optimal tax structure requires marginal polit- 
ical opposition per dollar of tax revenue to 
be equalized across taxable activities for each 
taxpayer, as well as to be equalized across 
taxpayers for each activity. 

The above argument indicates that the 
evolution of tax structure is closely related to 
economic change and development. Minimi- 
zation of opposition to taxation requires the 
adjustment of tax structure whenever the 
broad nature of activities conducted by 
taxpayers changes. The same argument also 
explains why tax structure is complex— 
disregarding differences in the welfare conse- 
quences of taxation across activities con- 
ducted by any taxpayer or across all tax- 
payers increases opposition to taxation 
because such disregard makes voters worse 
off. This may be the reason why tax simplifi- 
cation remains elusive although it appears to 
be universally endorsed as a good idea. 

Equation (4’) indicates that complexity in 
tax structure is politically rational. In fact, it 
implies even greater complexity than is usu- 
ally observed. The task is thus not only to 
justify the existence of complexity, but also 
to delineate its limits. 


"TE taxpayer į engages in J activities, equation (1c) 
must be reformulated as B; ; = B; i(t tiay---s tiza Xi). 

10 This last assumption is consistent with the simplifi- 
cation introduced earlier that net political benefit func- 
tions (1) are independent across taxpayers. 
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iil. Grouping and the Choice of Rate 
Structures and Bases 


In the solution to the government’s prob- 
lem in Section II we have N taxpayers, J 
activities, and N X J tax rates. This is unre- 
alistic in two respects. First, activities are 
generally grouped into bases which consist 
of similar or related activities. In addition, 
taxpayers are sorted or grouped into rate 
brackets where despite interpersonal dif- 
ferences they pay the same tax rates. 

Deviations from unique treatment of ac- 
tivities or of taxpayers will cause a loss in 
political support. What must be explained is 
why the government decides to accept such 
losses, that is, what offsetting advantage can 
be gained in exchange for the grouping. The 
answer lies in reduced administration costs. 
Resources released in this way can then- be 
used to provide more public goods and 
therefore to obtain increased support. The 
government’s problem is to balance the 
marginal loss in support from grouping with 
the marginal gain in support from spending 
resources not used in administration. 

Since we developed the basic model using 
a framework with N taxpayers and one ac- 
tivity, it is convenient to begin the analysis 
by considering the sorting of taxpayers into 
rate brackets on one activity. We shall indi- 
cate later how the solution can also be inter- 
preted as the rationale for combining differ- 
ent activities into bases. 

Creation of rate brackets will mean that 
groups of individuals with differing levels of 
economic activity will be subject to the same 
tax rate. The government’s problem is (i) to 
establish the politically optimal number of 
brackets and (ii) to assign individuals to 
these brackets in a manner that is consistent 
with its political objective. 

The second part of the problem, that is, 
the assignment problem, is considered at 
length in the Appendix. We let the number 
of rate brackets or groups be fixed at some 
number K < N, the number of individuals. 
Levying the same rate on all members of a 
given group rather than taxing them at their 
unique politically optimal rates defined by 
first-order conditions analogous to (4) must 
result in a loss in expected support. If we 
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linearize the N first-order conditions ‘in the 
absence of grouping, we can show that the 
loss from grouping: N unique. individuals 
into K-rate brackets is minimized when 
taxpayers are assigned to brackets so as to 
minimize the within group variation in polit- 
ically optimal rates. 

By considering solutions of the sorting 
problem for different values. of K, we can 
construct the “marginal tax discrimination” 
curve AA in Figure 1..For each K, this curve 
shows the maximum reduction in opposition 
possible from increasing the number of 
groups by one while simultaneously resort- 
ing individuals among the K+1 groups in 
the manner described above. AA hes above 
the horizontal axis when K < N and inter- 
sects the horizontal axis at K = N, where all 
taxpayers are treated uniquely. It is assumed 
to decline continuously as K approaches N. 

The optimal number of rate brackets K* 
is shown in Figure 1 where AA intersects 
BB, the “marginal tax administration curve,” 
reflecting the opportunity cost to the govern- 
ment of treating individuals differently when 
this creates administration costs.’ For each 
K, BB shows the fall in political support 
resulting from an increase in the number of 
rate brackets from K to K +1 and a reduc- 
tion in public services by an amount equal to 
the corresponding growth in administration 
costs. When A in (4) is constant, BB will 
slope upward as long as the increase in ad- 
ministration costs rises with K when another 
tax instrument is added.’? 

The general solution when each taxpayer 
is taxed on all of his J activities involves 
four elements: the reduction in votes lost 


‘ladministration costs include: (i) the cost of 
processing tax payments, (ii) the cost of monitoring 
compliance and enforcing tax'codes, (iii) the cost of 
coordinating administrative personnel, and (iv) the costs 
of acquiring knowledge about taxpayers’ characteristics. 
The last type of cost is not generally incorporated into 
the analysis in this paper except that lump-sum cretion 
is considered infeasible. 

It is possible that administration costs depend on 
the nature of the tax instruments employed, as well as 
on their number, as.in W. P. Heller and Karl Shell 
(1974). We do not explore that possibility in this paper. 
We also rule out possible discontinuities and noncon- 
vexities introduced by edministration costs. 
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FIGURE 1. THE POLITICALLY OPTIMAL NUMBER OF RATE BRACKETS 


(1.e., the marginal gain in support) when the 
number of rate brackets k; on any activity is 
increased dS/dk,, the resulting increase in 
administration costs 0A /ðk; and in total 
revenue 0R /dk,, and the additional support 
from spending ‘one more dollar on public 
goods À. In equilibrium, 


aS/ak, 


(5) (3A/ðk,-3R/Jðk) 


j=1,2,...,J 


that is, the marginal reduction in opposition 
per “net” dollar of administration costs must 
be equal across activities. 


'3 First-order conditions (5) can be derived by choos- 
ing G and (k,,k,...,k,) to minimize the loss in sup- 
port from grouping N taxpayers into k; rate brackets 
for each of J apg that is, min E; {6,(G*)— 8,(G)} 
+ S(kj, ko,.-., 51"), subject to R(ky,-- »k,= G+ 
A(ky,...,k;), W ete S is decreasing in each k; and 
(G*,f") represent the optimal G and the vector of 
N X J tax rates defined in the absence of administration 
costs. The first term in the objective function is the loss 
in support. from the revenue implications of grouping 
relative to the (G*t*) solution. S(-) represents the 


As pointed out, the analysis has a second 
important application to the grouping of ac- 
tivities into tax bases. Consider a model with 
one representative taxpayer who engages in 
J different activities. The government can 
save on administration costs by combining 
related activities into a limited number of 
bases, such as occurs when incomes from 
different labor activities are included in the 


- same tax base. Grouping leads to an increase 


in political opposition in this case since it 
will raise a taxpayer’s deadweight loss asso- 
ciated with any given tax payment. On the 
other hand, the government receives ad- 
ditional support by spending resources saved 
in administration on the provision of public 
goods. -The solution illustrated in Figure 1 
again describes the nature of the equilibrium 
where K* now refers to the number of bases 
for each individual rather than to rate brack- 
ets. 

The preceding analysis for the first time 
formally integrates administration costs into 


minimum increase in opposition to taxation from (opti- 
- mally) grouping taxpayers into rate brackets, as dis- 


cussed in the Appendix. 
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political optimization.'* In doing so, it pro- 
vides a new basis for understanding the 
evolution of tax systems. In his pioneering 
work on fiscal systems, Musgrave (1969) 
argues that tax handles are crucial for ex- 
plaining the formation and growth of tax 
structure. If we conceive of the term “tax 
handles” in a broad sense that includes op- 
portunities to tax and to escape taxation as 
well as administration costs, the theory pre- 
sented here formalizes what so far has mainly 
been implicit. In an analysis over time, 
changes in economic activities and in the 
conditions under which they are carried out 
will be of crucial importance together with 
administration costs since the nature of such 
activities and conditions determines the 
characteristics according to which the gov- 
ernment sorts taxpayers to create bases, rate 
structures, and (as argued below) special 
provisions. The development of tax structure 
results therefore from an interaction between 
the changing ways in which people work, 
transact, and consume on- the one hand, and 
the cost of administering the ‘collection’ of 


revenues on the other. To this is added a 


third element, namely the influence of those 
factors that determine how benefits from 
public goods and losses in full income from 
taxation are translated into political action. 


_ IV. Special Provisions 


The final feature of the skeleton that re- 
mains to be explained is the existence of 
special provisions such as exemptions, de- 
ductions, and tax credits. Consider the 
grouping of activities into tax bases in the 
case with N taxpayers, each of whom en- 
gages in J activities. According to the pre- 
ceding analysis, the government will create 
separate bases for each of the N taxpayers. 
The composition of bases will differ among 
taxpayers unless there is an additional cost, 
not considered so far, in administering dif- 
ferent bases for each individual. Such costs 


“4See Shlomo Yitzhaki (1979) for a consideration of 


administration costs in an optimal tax setting. Yitzhaki ` 


does not explore the implications of heterogeneity. 
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FIGURE 2. SPECIAL PROVISIONS IN TAX 
STRUCTURE 


introduce a further constraint on the group- 
ing process leading to bases that coincide for 
large numbers of individuals and in rate 
structures that are defined on bases rather 
than on separate activities. 

The argument is illustrated in Figure 2 
which is drawn for two taxpayers, each of 
whom engages in four activities. When there 
are no additional costs in having separate 
bases for each taxpayer, the grouping pro- 
cess results in person 1’s being taxed on two 
bases consisting of activities 1 and 2 and 
activities 3 and 4, respectively. For person 2, 
the two bases will consist of a combination 
of the first three activities and of activity 4. 
When there are costs to having separate bases 
for each individual, it may be preferable to 
define the first base for both individuals to 
include 1, 2, and 3 while making activity 4 
into a second base. However, it will be 
politically undesirable to tax activity 3 in the 
same way for both taxpayers. A special pro- 
vision such as an exemption or a deduction 
in the first base will allow the government to 
differentiate tax treatment of activity 3 de- 
pending on the taxpayer mvolved. 

The argument can also be approached 
from a second angle. The general solution in 
(5) specifies a different rate structure for 
each activity. This, no doubt, would be ad- 
ministratively costly. -It may be preferable to 
define rate structures across bases compris- 


lAn additional base generally requires a new set of 
collection points and separate administrative arrange- 
ments. i 
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ing several activities, but to introduce some 
differentiation in the tax treatment of each 
activity in any base by having special provi- 
sions that are specific to particular activ- 
ities./° - 

We have now shown that the government’s 
optimizing behavior generates all essential 
elements of tax structure. The skeleton is 
complete. The analysis also demonstrates 
that all the parts are interdependent. This is 
an important point since tax policy or tax 


reform often focuses only on one aspect of 


the system without taking account of the 
repercussions that must follow intervention 
in other parts. Rate structures, bases, and 
special provisions are all determined jointly. 
The government will furthermore try to 
establish a new political equilibrium each 
time there are shocks to the system such as 
changes in the factors (x,) determining the 
supply of taxable activities, or in the nature 
of heterogeneity among taxpayers. The anal- 
ysis strongly suggests that tax systems should 
be studied as integrated systems of essential 
elements and not merely as collections of 
unrelated or ill-designed components. 


V. The Relationship Between Tax Rates and 
Tax Revenues 


The model developed in this paper throws 
new light on the much discussed relationship 
between tax rates and tax revenues. In the 
basic model of Section II, this relationship 


té There may be further reasons for special provisions 
if there is a more direct link between the expenditure 
and tax sides. Expression (1) assumes that expected 
support by a particular individual is separable in G and 
v;. In actual tax systems, we do observe some provisions 
which may represent a more direct link between the two 
sides of the budget. One can imagine a government 
creating a tax structure based initially on (1) and then 
amending it subsequently for certain broad classes of 
individuals having similar evaluations of public output. 
For example, people over 65 years of age may be given 
a special exemption to acknowledge a lower evaluation 
of public services. We would expect the cost of adjust- 
ing the definition of tax bases to exceed the cost of 
creating special provisions. As a result, the link between 
expenditures and taxes—as far as it exists—will be 
expressed primarily through the introduction of ad- 
ditional special provisions. 
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will differ for each individual. While each 
long-run “Laffer” curve may have a back- 
ward-bending portion, political optimization 
in the basic model precludes tax rates which 
push taxpayers onto that portion, provided 
that political opposition increases continu- 
ously with tax rates and that the vote pro- 
ductivity of additional public expenditure is 
positive. Ta 

Opposition to taxation will always in- 
crease with tax rates if both terms in the 
numerator of (4) are positive. It seems rea- 
sonable to assume this to be the case, even 
though increases in tax rates may lower tax 
revenues after some point (Geoffrey Brennan 
et al., 1984). Then, as long as B;>0 and 
0b, /0G > 0, the first-order conditions (4) re- 
quire that s; exceed —1. In other words, 
choice of a tax rate placing a voter on the 
backward-bending portion of his Laffer curve 
would imply that the government is forego- 
ing revenues which could be used to generate 
further support and that the affected voter is 
at the same time opposing the government 
more strongly than he would at lower rates.!” 

In a world of heterogeneous taxpayers and 
positive administration costs, this conclusion 
may no longer hold for some individual 
taxpayers. When grouping occurs, the origi- 
nal optimal conditions no longer apply, with 
the result that some individuals may become 
subject to a group rate placing them on the 
backward-bending portion of their individ- 
ual rate-revenue curve. This will occur if 
assignment to any other group would lower 
the government’s overall expected support. 
(Two factors are relevant in assigning indi- 
viduals to groups: revenue collected, which 
can be turned into political support through 
production of public goods, and the ex- 
pected support from the individual himself. 
Assuming the number of groups to be fixed, 
the government will assign individuals so as 
to maximize net support from these two 
sources.) 


“It should be pointed out that there is no difference 
in the time horizon of voters and the government in the 
model. For a discussion of the Laffer curve that focuses 
on such differences, see Buchanan and Dwight Lee 
(1983). 
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The argument shows that we may expect 
to observe some individuals whose tax pay- 
ments would increase if they alone faced 
lower tax rates. One should note, however, 
that the same conclusion does not apply 
to groups. No group will be on the back- 
ward-bending part of its aggregate rate-re- 
venue relationship. Otherwise, the govern- 
ment could collect more revenues from the 
group as a whole by lowering the group’s 
rate, while at the same time reducing opposi- 
tion from all of its members. 


VI. Comparison with Other Approaches 


It is useful to compare the implications of 
our analysis to results derived from models 
that are based on different premises. We 
shall comment on the two approaches that 
have been most influential in recent years, 
the Leviathan model and the EDI of opti- 
mal taxation. 

In their work on taxation, Brennan and 
James Buchanan (1980) put major emphasis 
on underlying political forces while also 
making the level of expenditures endoge- 
nous. Nevertheless, their approach differs in 
an essential aspect from ours; they are con- 
cerned with a government attempting to 
maximize revenues and facing no significant 
political constraint. The government in our 
model has a different objective function and 
is effectively constrained by political forces 
even to the extent that opposition by un- 
organized | voters will be reflected in tax 
structure, '® 

Brennan and Buchanan do not address the 
problem of how tax structure is created when 
bases as well as other major structural ele- 
ments are endogenous. Presumably, Levia- 
than would also combine activities and indi- 
viduals into groups, but the. sorting would 
differ in two essential respects. Grouping in 
our framework reflects political factors de- 
termining how losses in full income are 
translated into political action in addition to 


'8For this reason, our model also differs from that of 
Becker (1983) in which only the interests of organized 
groups are reflected in policy choices by the govern- 
ment. 
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the abilities cf taxpayers to escape taxation 
which are Leviathan’s major concern. Fur- 
thermore, the government has an incentive 
to economize on administration costs, while 
no such motivation exists in a world where 
government is not constrained politically in 
setting tax policy. 

Both these differences have implications 
for empirical work. Statistical research based 
on our model requires a more explicit treat- 
ment of the c{v) function and thus the de- 
velopment of proxy. variables for the de- 
terminants of political influence. In addition, 
it is necessary to formulate variables reflect- 
ing administration costs (Winer and Hettich, 
1987). Presumably, no such variables would 
be included in a model based on the ex- 


istence of Leviathan-type behavior. Wallace 


Oates (1985) investigates such behavior by 
looking at whether or not decentralization 
constrains the size of government. Our the- 
Ory suggests a more direct test, namely 
whether the evolution of tax structure and 
revenue composition is influenced by politi- 
cal and administrative, factors in addition to 
economic ones. 

While there are formal similarities be- 
tween the theory of optimal taxation (OT) 
and the analysis developed here, there are - 
also important substantive differences. In 
OT, the government maximizes a welfare 
function, usually written as a weighted sum 
of individual utilities, with the weights 
reflecting exogenously given distributional 
preferences. To our knowledge, writers on 
OT have not dealt with the creation of tax 
structure when tax bases are endogenous. 
While their work could be extended to in- 
clude an analysis of sorting, the resulting 
equilibrium would differ since factors de- 
termining how losses in full income are 
translated into political support have no role 
in OT. . 

Optimal taxation is generally conceived of 
as a normative theory not concerned with 
explaining actual government behavior, but 
intended. to provide a standard of reference 
which abstracts from the political setting in 
which tax policy is made. In this context, the 
interesting comparison ' concerns the effi- 
ciency of equilibrium. 


a= Y 
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If the optimal tax problem is stated as the 
maximization of social welfare subject to the 
raising of a fixed budget, efficiency in taxa- 
tion requires that the change in social welfare 
per dollar of additional revenue be equalized 
across revenue sources. Efficiency of this kind 
is not a general characteristic of the model 
presented here, where as in equation (4), a 
support-maximizing government equalizes 
the change in expected political support per 
dollar of additional revenue across revenue 
sources. As a result, support-maximizing 
governments will create tax structures that 
differ significantly from solutions envisioned 
in the OT literature. 

We may still-ask whether a tax system of 
the kind described in the paper can be con- 
sidered globally efficient. If we interpret tax 
structure as the long-run equilibrium of a 
competitive political system in which politi- 
cal opposition depends on the loss in full 
income, no political party can offer an alter- 
native tax system generating the same politi- 
cal support with a lower welfare loss for any 
individual. In this sense tax structure is effi- 
cient for the existing set of political institu- 
tions. This does not mean that an alternative 
set of institutions could not yield a better tax 
system. The argument does, however, direct 


-debate on tax reform toward the redesign of 


political institutions. 
VII. Concluding Remarks 


Existing tax systems are composed of a 


limited number of basic elements which have . 


been combined to form complicated struc- 
tures. To understand why tax systems have 
the appearance and characteristics that we 
observe, we must explain why the basic ele- 
ments are used as building blocks and why 
they are combined in particular ways. 

The paper demonstrates that the essential 
stylized facts of observed tax systems can be 
viewed as the outcome of optimizing politi- 
cal and economic behavior. It further shows 
that the way in which these elements are 
combined into different structures depends 
on administration costs and on the nature of 
political and economic responses to taxation 
among individuals. 
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Tax structure is a system of related parts 
in equilibrium, not merely a collection of 
separate and ill-designed components. This 
has important implications for the under- 
standing of tax policy. Changes must pass a 
political as well as an economic test and 
reforms in one part of the system may lead 
to unexpected repercussions elsewhere as the 
government attempts to establish a new 
equilibrium. The analysis also suggests that 
the evolution of tax systems can be viewed 
as- -a sequence of responses to changing eco- 
nomic, administrative, and political factors. 
Future. empirical work should adopt a 
framework that can account for the sys- 
tematic influence of these determinants on 
tax history. 


APPENDIX: GROUPING OF TAXPAYERS 
INTO RATE BRACKETS (OR ACTIVITIES 
INTO BASES) 


Let the number of rate brackets be some number 
K < N, the number of taxpayers, and assume that first- 
order conditions in the absence of grouping can be 
written as 
(Al) aik tM lik = Bik — Ae big. 

The left side of (A1) represents the marginal political 
cost of taxing person i(i=1,2,...,”,) in group k(k = 
1,2,..., K), analogous to the numerator in (4), while the 
right side stands for the marginal benefit of raising 1,, 
and spending the extra revenue. Heterogeneity of be- 
havior is captured by differences in the constant terms. 
Imposing a rate ¢,,, differing from the politically opti- 
mal rate t% found by solving (A1), results in a loss in 
support from each taxpayer equal to the integral of the 
difference between marginal political costs and east 
over the interval from t% to #,,. Given (A1), this 
integral is equal to v-(t,, — A? where v= (m + h)/2. 
Similarly, the loss in support from taxing all members 
of any group k alike at rate ¢ is equal to v-E;(t — tf 
The rate ¢ that minimizes this loss is the least squares 
solution t., = Lili, /Ng- Thus with K brackets or groups 
the total loss in support from grouping can be reduced 
to v-L,2,(t., — t$). This loss can be made as small as 
possible if taxpayers are assigned among groups so as to 
minimize the variation of the t% s within each group. 


REFERENCES 


Atkinson, A.B. and Stiglitz, J.E., Lectures on 
Public Economics, New York: McGraw- 
Hill, 1980. 





712 THE AMERICAN ECONOMIC REVIEW 


Becker, Gary S., “A Theory of Competition 
Among Pressure Groups for Political In- 
fluence,” Quarterly Journal of Economics, 
August 1983, 98, 371—400. 

Brennan, Geoffrey and Buchanan, James M., The 
Power to Tax, Cambridge MA: Cambridge 
University Press, 1980. 

> Bohanon, Cecil. and Carter, Richard, 
“Public Finance and Public Prices; To- 
wards a Reconstruction of Tax The- 
ory,” Public Finance, 1984, 39, 157-79. 

Buchanan, James and Lee, Dwight, “Politics, 
Time and Laffer Curve,” Journal of Politi- 
cal Economy, August 1982, 90, 816-19. 

Coughlin, Peter J., “Elections and Income Re- 
distribution,” Public Choice, 1986, 50, 
27-91. 

Denzau, Arthur T. and Munger, Michael C., 
“Legislators and Interest Groups: How 
Unorganized Interests Get Represented,” 
American Political Science Review, March 
1986, 80, 89-106. 

Downs, Anthony, An Economic Theory of 
Democracy, New York: Harper & Row, 
1957. 

Hansen, Susan B., The Politics of Taxa- 
tion: Revenue Without Representation, New 
York: Praeger, 1983. 

Heller, W.P. and Shell, Karl, “On Optimal 
Taxation with Costly Administration,” 
American Economic Review Proceedings, 
May 1974, 64, 338-45. 

Hettich, Walter and Winer, Stanley L., “A Posi- 
tive Model of Tax Structure,” Journal of 
Public Economics, June 1984, 24, 67—87. 

and , “Blueprints and Path- 
ways: The Shifting Foundations of Tax 
Reform,” National Tax Journal, Decem- 
ber 1985, 38, 423-45. 

and , Federalism, Special In- 
terests and the Exchange of Policies for 
Political Resources,” European Journal of 
Political Economy, 1987, 3, Special Issue, 
33-54. 

Hinrichs, Harley H., A General Theory of Tax 














SEPTEMBER 1988 


Structure Change During Economic Devel- 
opment, Cambridge, MA: Harvard Law 
School, 1966. 

Mayhew, David R., Congress: The Electoral 
Connection, New Haven: Yale University 
Press, 1974. 

Meltzer, A.H. and Richard S.F., “A Rational 
Theory of the Size of Government,” Jour- 
nal of Political Economy, October 1981, 
89, 914-27. 

and , Tests of a Rational 
Theory of the size of Government,” Public 
Choice, 1983, 41, 403-18. 

Musgrave, Richard A., Fiscal Systems, New 
Haven: Yale University Press, 1969. 

Oates, Wallace E., “Searching for Leviathan: 
An Empirical Study,” American Economic 
Review, September 1985, 75, 748-57. 

Ordeshook, Peter C., Game Theory and. Politi- 
cal Theory: An Introduction, Cambridge, 
MA: Cambridge University Press, 1986. 

Peltzman, Sam, “Toward a More General 
Theory of Regulation,” Journal of Law 
and Economics, August 1976, 19, 219-40. 

Roberts, K.W.S., “Voting over Income Tax 
Schedules,” Journal: of Public Economics, 
December 1977, 8, 329-40. 

Romer, Thomas, “Individual Welfare, Major- 
ity Voting, and the Properties of a Linear 
Income Tax,” Journal of Public Eco- 
nomics, February 1975, 4, 163-85. 

Schumpeter, Joseph A., Capitalism, Socialism, 
and Democracy, 3rd ed., New York: 
Harper & Row, 1950. 

Stigler, George J.. “The Economic Theory of 
Regulation,” Bell Journal of Economics, 
Spring 1971, 3, 3-21. 

Winer, Stanley L. and Hettich, Walter, “The 
Evolution of Revenue Systems: A Theo- 
retical and Empirical Investigation,” 

_ Carleton Economics Papers, No. 87-04, 
May 1987. 

Yitzhaki, Shlomo, “A Note on Optimal Taxa- 
tion and Administration Costs,” American 
Economic Review, June 1979, 69, 475-80. 





Plea Bargaining and Prosecutorial Discretion 


By JENNIFER F. REINGANUM* 


A model of plea bargaining with asymmetric information is presented. The 
prosecutor's private information is the strength of the case; the defendant’s is his 
guilt or innocence. In equilibrium, some cases are dismissed because they are too 
likely to involve an innocent defendant. In the remaining cases, the prosecutor’s 
sentence offer reveals the strength of the case. A particular restriction on 
prosecutorial discretion is shown to be welfare-enhancing for some parameter 


configurations. 


Under current practice, prosecutors have 
essentially unlimited discretion to dismiss a 
case or to negotiate a guilty plea to a less- 
er crime, thereby guaranteeing a lighter 
sentence.! Much controversy surrounds the 
exercise of prosecutorial discretion. While it 
is acknowledged that guilty pleas save re- 
sources which would otherwise be devoted to 
trials, one major concern of opponents to 
plea bargaining is that the prosecutor is in 
an unfairly strong bargaining position. One 
source of bargaining strength for the pros- 
ecutor is simply the fact that the defendant 
is required to deal with him, and cannot 
“shop” for a better deal. 

Another asymmetry between the bargain- 
ing positions of the prosecutor and the de- 
fendant stems from the fact that the pros- 
ecutor typically has better information about 
the strength of the case than does the defen- 
dant. The prosecution has presumably inter- 
viewed witnesses (including the defendant) 
and gathered evidence. In the modal crimi- 
nal case, the time and investigative resources 
available to the defense are a fraction of 
those available to the prosecution. Thus al- 


*Departments of Economics and Management Sci- 
ence, University of Iowa, Iowa City, IA 52242. I would 
like to thank Kim Border, Richard Craswell, Ted 
Groves, Barry Nalebuff, Herman Quirmbach, Eric 
Rasmusen, and two anonymous referees for helpful 
comments and discussion. The financial support of the 
National Science Foundation, grant no. SES-8710578, 
the Alfred P. Sloan Foundation, and the Graduate 
School of Business of the University of Chicago are 
gratefully acknowledged. 

{Plea bargaining:is a prominent feature of the crimi- 
nal justice system. According to Alschuler (1981, p. 
652), “it is commonly estimated that 90% of all criminal 
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though in principle the defense may have 
equal access to evidence and witnesses,! in 
practice it relies heavily on summary data 
from the prosecution. It seems likely that in 
this case there will remain some uncertainty 
on the part of the defense regarding the 
strength of the prosecution’s case. Similarly, 
despite the evidence which the prosecution 
may possess, it seems likely that there will 
remain some uncertainty on the part of the 
prosecution regarding the defendant’s fact- 
ual guilt, 

In this paper, a model of the plea-bargain- 
ing process in the presence of asymmetric 
information is developed.” While the issue of 


convictions are the result of guilty pleas.” Moreover, a 
large fraction of the cases are simply dismissed; based 
upon a sample of 1,382 felony arrests in New York City 
in 1971, the Vera Institute of Justice (1977, p. 7) esti- 
mates that “43% of the felony arrests were disposed of 
by dismissal.” 

‘In a related paper, Gene Grossman and Michael 
Katz (1983, p. 752) assume the probability of conviction 
differs for guilty and innocent defendants, and that 
these probabilities are common knowledge, arguing that 
the prosecutor is constitutionally required to provide to 
the defendant all of the state’s evidence against him, 
as well as a summary of what is necessary for convic- 
tion (Brady v. Maryland, 1963). By contrast, Albert 
Alschuler (1968, p. 66) claims that “the discovery privi- 
leges of the defense are highly restricted, and even the 
limited right of discovery that the law affords may be 
frustrated until plea negotiations are concluded.” 

*Jennifer Reinganum and Louis Wilde (1986) ex- 
amined the problem of the settlement and litigation of 
civil suits using a signaling model. Because this paper 
also concerns legal bargaining with private information, 
it is important to distinguish this paper from the previ- 
ous one. In that paper, the plaintiff had private informa- 
tion about the extent of damages suffered, and made a 
settlement demand which was either accepted or re- 
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the desirability of prosecutorial discretion is 
not resolved in complete generality, two dis- 
cretionary regimes are compared. In the first, 
the prosecutor has discretion to offer an 
arbitrary sentence in exchange for a plea of 
guilty, with a sentence of length zero inter- 
preted as a dismissal. In the second, plea 
bargaining is still permitted, but all defen- 
dants who are charged with the same crime 
must be offered the same sentence. It is 
shown that, depending upon other features 
of the criminal justice system and upon the 
preferences of society, either of these re- 
gimes may be preferred to the other. In 
particular, it is possible that unlimited dis- 
cretion is disadvantageous for the prosecu- 
tion, since it carries with it the requirement 
of sequential rationality. 

William Landes (1971) offered the first 
economics-based analysis of plea bargaining. 
Under the assumption that the prosecutorial 
(and social) objective is the maximization of 
the sum of expected sentences subject to a 
resource constraint, Landes argues (among 
other things) that the likelihood of disposi- 
tion by negotiated plea should be higher the 
smaller is the sentence if convicted at trial 
and the greater is the resource cost to the 
defendant of trial versus negotiated plea. 
Empirical analyses conducted separately at 
the U.S. district court level and at the county 


jected by the defendant. Aside from the costs of trial, 
the interests of the plaintiff and defendant were always 
opposed, since the amount of the settlement was a 
transfer between the parties. The issue of primary inter- 
est was how the likelihood and the amount of the 
settlement were affected by various litigation cost-allo- 
cation systems. In this paper, the prosecutor has private 
information about the strength of the case, and the 
defendant has private information about his guilt or 
innocence. The interests of the prosecutor and the de- 
fendant are not always opposed, since the prosecutor is 
assumed to suffer along with innocent defendants. Once 
equilibrium behavior has been characterized, I ask 
whether a particular restriction on the prosecutor’s dis- 
cretion in offering plea bargains can improve ex ante 
expected social welfare. Thus the nature of the private 
information, the forms of the objective functions, and 
the questions addressed by the two papers are quite 
different, although there are some obvious formal simi- 
larities. Previous analyses which are primarily relevant 
to the case of civil litigation include Lucien Bebchuk, 
1984; John Gould, 1973; Ivan P’ng, 1983; Stephen 
Salant, 1984; William Samuelson, 1983; Steven Shavell, 
1982; and Daniel Spulber, 1985. 
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court level supported the latter implication, 
but yielded support for the former implica- 
tion only at the U.S. district court level. 
William Rhodes (1976) modified the Landes 
model, which is based upon individual 
choice, to apply directly to aggregate data 
which are more readily available. Using data 
from U.S. district courts and Minnesota 
county courts, he found that the ratio of 
guilty pleas to irials is negatively correlated 
with the severity of the sentence offered 
in plea negotiations, and that increases 
in the defendant’s resource cost of trial in- 
crease the ratio of negotiated pleas to trials. 
David Weimer (1978) tested a variant of the 
Landes model on individual case data from 
the Alameda County (California) Superior 
Court. He found that the plea-bargain 
sentence offer is an increasing function of 
the expected trial sentence (i.e., the product 
of the probability of conviction and the an- 
ticipated sentence upon conviction at trial), 
and the probability that a trial will be de- 
manded is a decreasing function of the dif- 
ference between the anticipated sentence 
upon conviction at trial and the sentence 
offered in plea negotiations. Brian Forst and 
Kathleen Brosi (1977) examine yet another 
variant of Landes’ model, in which they use 
the length of time the prosecution carries a 
case aS a measure of prosecutorial effort. 
Using data from District of Columbia courts, 
they find that the length of time the prosecu- 
tor will carry a case is strongly positively 
related to the strength of the evidence against 
the defendant, and mildly positively related 
to the seriousness of the offense (as mea- 
sured by, for example, the maximum sentence 
applicable upon conviction at trial). While 
these empirical findings are all consistent 
with the implications of the model developed 
below, none of these analyses represents an 
appropriate structural test of this model. 
Thus these findings can be taken as at best 
weak supporting evidence. 

One difficulty with Landes’ theory is that 
the implications he tests do not strictly fol- 
low from the theory, since the actual sentence 
offered in a plea bargain is indeterminate 
(there exists a range of ‘mutually acceptable 
sentence offers) if the defendant is risk 
averse. Moreover, in this case, the model 
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always predicts disposition by negotiated 
plea; no trials should occur. In addition, the 
analysis presumes that all defendants are 
guilty, since the objective is to maximize the 
sum of expected sentences. Grossman and 
Katz (1983) admit the possibility of innocent 
defendants and, using an objective function 
which. incorporates the social disutility of 


punishing the innocent, they provide an al- 


ternative justification of plea bargaining on 
the basis of its potential roles as an in- 
surance device and as a screening device: the 
optimal sentence offer can induce the guilty 
and the innocent to self-select, so that the 
guilty choose negotiated pleas, while the in- 
nocent choose trial. 

My analysis.does not examine the desir- 
ability of the institution of plea bargaining 
per se; rather, it takes the existence of plea 
bargaining as given, and discusses the extent 
to which prosecutorial discretion within that 
framework might be desirable. It is similar 
to that of Grossman and Katz in its treat- 
ment of the prosecutor’s (and society’s) ob- 
jective function. Because private information 
is one-sided in their model (only the defen- 
dant knows whether he is guilty or innocent), 
a single offer is made to all defendants; thus 
selective dismissals are not possible. In my 
model, both parties have private information 
(which is correlated); with unrestricted dis- 
cretion, offers can be individualized and cases 
can be selectively dismissed. However, the 
regime with restricted discretion is quite sim- 
ilar to their model because a single sentence 
is offered to all defendants. . 

In Section I, the basic model is described 
and one sequential equilibrium is presented. 


I argue that this is an appropriate sequential 


equilibrium for the game with complete dis- 
cretion by appealing to the work of Jeffrey 
Banks and Joel Sobel (1987) on “(univer- 
sally) divine” sequential equilibrium and that 
_ of In-Koo Cho and David Kreps (1987) on 
“intuitive” sequential equilibria. In Section 
II, the alternative game with restricted dis- 
cretion is described and its equilibrium be- 
havior is characterized. Section II] compares 
the welfare of the prosecutor (and, by as- 
sumption, that of society) under the two 
regimes, and describes circumstances under 
which each regime may be preferred to the 
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other. Section IV summarizes, discusses two 
respects in which the basıc model can be 
generalized, and outlines potential avenues 
for future research. All proofs are confined 
to = Appendix. 


- I. Unrestricted Prosecutorial Discretion 


In plea bargaining, the key element need 
not be the guilt or innocence of the defen- 
dant (for the prosecution and the court may 
be unable to systematically determine the 
truth), but rather the strength of the case. In 
other words, the case may appear very strong, 
despite the fact that the defendant is in- 
nocent; similarly, the case against a guilty 
defendant may be very weak. 

Let t= g, i denote the two types of defen- 
dants: guilty and innocent, respectively. The 
defendant’s type is assumed to be known 
only to the- defendant. Assume that the 
strength of an arbitrary case is represented 
by the probability 7 €[0, 1] that the defen- 
dant will be found guilty at trial. The strength 
of the case is a summary statistic of the 
extent and quality of the evidence which is 
available to the prosecution, including veri- 
fiable information obtained from the defen- 
dant (for example, an alibi, the names of 
potential witnesses for the defense). Thus a 
defendant with v =.7 is either guilty and 
lucky to have a 30 percent chance of acquittal 
or innocent and unlucky to have a 70 per- 
cent chance of conviction. I assume that the 
probability of conviction is private informa- 
tion possessed by the prosecutor. However, 
the defendant’s type and the prosecutor’s 
case are not unrelated; in particular, guilt 
and evidence are assumed to be jointly dis- 
tributed. Let G(r, t) denote the joint distri- 
bution of. 7 and t; that is, G(r, t) = Prob 
{case is of strength < a and defendant is of 
type t}. The expression which will be rele- 
vant to the prosecutor’s decision is denoted 
f(r) and represents the probability that, 
given the strength of the case, the defendant 
actually is guilty: f(r) = Prob {defendant is 
guilty}case is of strength 7} =dG(m, g)/ 
[dG( a7, g)+ dG(a,i)|, where dG(7,t) de- 
notes the density with respect to m. Notice 
that f(r) need not be the identity function; 
a and f(s) can differ because different 
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standards of evidence apply in court; for 
example, the prosecutor may impute a higher 
likelihood of guilt than conviction if in court 
guilt must be proved beyond a reasonable 
doubt. The expression which will be relevant 
to the defendant’s decision problem is de- 
noted ®(7|t) and represents the conditional 
distribution of a given t: ®(a|t) = Prob 
{case is of strength <|defendant.is of 
type t} = G(r, t)/G(], t). 

Although arrest itself may convey some 
information about the strength of the pros- 
ecutor’s case (for example, if arrest requires 
that the evidence exceed a certain threshold 
value), we suppress this possibility for the 
moment in the interest of expositional sim- 
plicity. Similarly, one could model the dis- 
covery process as generating for the defen- 
dant a signal which is imperfectly correlated 
with the actual strength of the prosecution’s 
case. These two potential information sources 
are discussed further in Section IV. For the 
present, I assume that the arrest process is 
essentially random, with g denoting the pro- 
portion of guilty among those arrested; that 
is, g=G(1,g). The distribution function 
G(r, t) is assumed to be common knowl- 
edge. 


ASSUMPTION 1: f’(7)>0 for all nE 
[O, 1]; that is, the better the case against the 
defendant, the greater is the likelihood of guilt. 


Define E,(7|8) to be the defendant of 
type t’s expectation of v, given that a be- 
longs to the set 6c [0, 1]. 


ASSUMPTION 2: E,(7|8)>E,(7|8) for 
all 8; that is, the distribution of (1, t) is such 
that, conditional on m € 6, a guilty defendant 


faces, a stronger case (in expectation) than 


does an innocent defendant. . . 


*In the Appendix, it is shown that the distribution 
G(7,i) =n[l- e7*7]/[1— e7" ] and 


G(m,g) = (1—-a)[1-e" ]/[1— e*s], 


with h; > h,, satisfies Assumptions 1 and 2 for subsets 
ô of the form [a, b]. 
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Grossman and Katz assumed that guilty 
defendants are more likely to be convicted ` 
than are innocent defendants; Assumption 2 
is simply a conditional form of this assump- 
tion. -a 

Suppose s is the sentence offered in a plea 
bargain, and x is the sentence anticipated 
upon conviction at trial; s and x are non- 
negative and represented in terms of utility. 
The sentence upon conviction x is taken as 
exogenous by the prosecutor and defendant 
alike. Although in practice the prosecutor 
may be able to influence x through varia- 
tions in the charges brought, I assume that 
sentencing following conviction at trial is 
fundamentally a judicial decision, which is 
correctly anticipated by both parties. One 
consequence of Assumption 2 is that, condi- 
tional on 7 € 6, a guilty defendant expects a 
greater punishment from trial—because he 
is (On average) more likely to be convicted 
—-than his innocent counterpart. Let k de~ 
note the disutility of trial for the defendant. 
I have assumed that guilty and innocent 
defendants suffer equally in the event of trial 
and if given the same: sentence. Grossman 
and Katz also assume that guilty and in- 
nocent defendants have identical utility 
functions. Thus my model is a natural gener- 
alization of theirs. to the case in which evi- 
dence may be of variable strength. A plausi- 
ble alternative assumption would be that 
innocent defendants suffer more in the event 
of trial and if given the same sentence than 
do guilty defendants (due to the injustice of 
their punishment). This possibility is. consid- 
ered in Section IV. 

Events are assumed to proceed in the fol- 
lowing order. First, the defendant and the 
prosecutor observe their private information. 
The prosecutor, on the basis of his private 
information, makes a sentence offer in ex- 
change for a plea of guilty. Then the defen- 
dant, on the basis of his private information 
and whatever inference he draws from the 


prosecutor’s offer, either accepts or rejects- - 


the offer. If he accepts the offer, both parties 
collect the associated payoffs. If he rejects 
the offer, the case must go to trial, and both 
parties suffer a disutility associated with trial. 
If the defendant.is acquitted at trial, neither 
party receives any further payoff. Finally, if 
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the defendant is convicted at trial, both par- 
ties collect the payoffs associated with con- 
viction. 

Given this sequence of moves, a strategy 
for the defendant of type ¢ is a function 
p(s) specifying the probability that the de- 
fendant rejects a sentence offer of s. We can 
write the expected utility to a type-t defen- 
dant who is offered the sentence s and re- 
jects it with probability p as 


(1) -DU,(s, p;8(s)) ` 


=~ p[E,(m[8(s))x +k] -G—e)s, 


where 6(s) describes the defendant’s beliefs 
upon observing s; that is, 6(s) is the. set of 
prosecutor types w which the defendant be- 
lieves would offer s; note that this is not 
subscripted, becausé there is no reason for 
different defendants to have different conjec- 
tures about this set. However, the expecta- 
tion is subscripted because the innocent and 
the guilty may assign different distributions 
over the set d(s) because (~,r) are jointly 


distributed. However, if the plea bargain s. 


reveals a, then the guilty and the innocent 
will have identical (degenerate) expectations 
about 7 given an offer of s. In this case, they 
might: as well use the same strategy p(s). 
This “symmetry” assumption is formalized 
below in Assumption 3. In the sequel I will 
examine only equilibria which are symmetric 
in this sense, but I have been unable to rule 
out the possibility that other “asymmetric” 
equilibria may exist. When the sentence offer 
does not reveal 7, then the two types of 


“One reason to expect both types of defendant to use 
the same function p(s) is that defense attorneys are 
responsible for “decoding” the sentence offer and advis- 
ing the defendant about its acceptability. Since the 
defense attorney is also unable to verify the guilt or 
innocence of his client, he minimizes his own costs by 
describing a single function p(s), rather than describing 
one function for innocent defendants and another for 
guilty defendants. Since both types of defendant will be 
indifferent when the equilibrium sentence offer reveals 
q, neither would be willing to pay more for two alterna- 
tives than for the single alternative. 
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defendants may use different strategies: 
PAs), for t = g, i. 


ASSUMPTION 3: When both defendant 
types are indifferent about accepting or reject- 
ing a sentence offer s, they use the same 


_Strategy p(s). 


The objective function of the prosecutor is 
assumed to coincide with that of society at 
large, and involves three goals: appropriate 
punishment of the guilty, avoidance of 
punishment of the innocent and the con- 
servation of resources spent on trials. The 
first two of these three goals are made ex- 
plicit: in the following excerpt from the 
Supreme Court opinion in Berger v. United 
States (quoted by Bruce Jackson, 1984, p. 
143). : | l 


The United States Attorney is the rep- 
resentative not of an ordinary party to 
a controversy but of a -sovereignty 
whose obligation to govern impartially 
is as compelling as its obligation to 
govern at all;. and whose interest, 
therefore, in a criminal prosecution is 
not that it shall win a case, but that. 
justice shall be done. As such, he is in a 
peculiar and very definite sense the 
` servant of the law, the twofold aim of 
which is that guilt shall not escape or 
innocence suffer. [Emphasis added.] 


Though the last goal—that of conserving 
resources-—is more prosaic, it is clearly of 
some social concern. 

If c is the social cost of trial (again in 
terms of utility), one reasonable utility func- 
tion for the prosecutor is the difference (in 
expected value terms) between the social val- 
uation of the disutility of the guilty and the 
social valuation of the disutility of the in- 
nocent, less the social disutility of court costs. 
Therefore assume that society values disutil- 
ity d>0Q to a guilty defendant at yd and 
disutility d to an innocent defendant at 
—Ad, where y,A>0. A strategy for the 
prosecutor is a function s(7) specifying the 
sentence offered when the case is of strength 
a. Then expected prosecutor utility from a 
case of strength m when a sentence of s is 
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offered can be written*® 
(2) PU(m, 5; p(s), p;(s)) 
= f(m ){ p(s)[-c+y(7x+k)] 
+[1-p,(s)] v5} +1- 4C)) 
x { p,(s)[-e— A(ax + k) 


= —([1- p,(s)]As}. 


To interpret equation (2), assume that the 
prosecutor has observed a case of strength 7 
and offered a sentence of s. With probability 
f(m) the defendant is actually guilty, in 
which case he will reject the offer with prob- 
ability p,(s), forcing the case to trial, where 
the prosecutor suffers the disutility of trial c 
but gains the expected utility of punishing a 
guilty defendant y(7x + k). With probabil- 
ity 1— p,(s) the defendant accepts the offer, 
yielding prosecutor utility of ys. With prob- 
ability 1— f(r), the defendant is innocent, 
in which case he will reject the offer with 
probability p;(s), forcing the case to trial, 


> This specification should be regarded as a local 
utility function, assumed to be valid at least up ‘to the 
maximum penalty x + k. Since society has chosen x as 
the penalty given conviction, and the trial process itself 
imposes k, it must be assumed that society believes 
x +k to be an appropriate penalty. Thus it is plausible 
to assume that social utility increases with the penalty 
to the guilty as least until x +. Since no defendant 
would accept a plea bargain which specified a sentence 
greater than x + k, we need not specify social utility for 
such penalties. But this specification is not inconsistent 
with the assumption that social utility declines when 
penalties greater than x+k are imposed on guilty 
defendants. 

°One vocal opponent of the practice of plea bargain- 
ing (Albert Alschuler, 1981, p. 710) would reject this as 
an appropriate social objective function on several 
accounts. One is that it relies upon the prosecutor’s 
estimate of guilt, f(7), rather than upon an actual trial 
outcome. “Society should not legitimate the prosecutor’s 
presumption that he can determine guilt more accu- 
rately than a court or jury...” Another objection is 
simply that the administration of justice is not to be 
traded off against the conservation of resources. I do 
not deal with this issue here; obviously the formulation 
of an appropriate social objective is an important issue, 
but it goes well beyond the scope of this paper. 
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where the. prosecutor suffers the expected 
loss of punishing an innocent defendant 
A(x +k) as well as the disutility of trial c. 
With probability 1—p,(s) the defendant 
accepts the offer, yielding a utility loss of As 
for the prosecutor. When both defendant 
types use the same strategy p(s), this sim- 
plifies to 


(3) PU(z,s; p(s)) 
= p(s)[-—c+a(z)(ax+k)] 


+[1— p(s)]a(z)s, 


where a(7) = f(7)y—(1— f(7))A. The ex- 
pression a(r) represents the expected net 


social utility of an. additional unit of disutil-. 


ity imposed upon a defendant against whom 
there is a case of strength r, where the 
expectation arises from the fact that the de- 
fendant’s guilt is unverifiable. Notice that 
aia) =f"(7)\(y+A)>0. Define a such 
that a(r) = 0. If 7 E (0,1) exists, it will be 
unique, and hereafter we assume its ex- 
istence and interiority. Also define A(s) = 


fa((s—k)/x)ds; note that A(-) is an in- 


creasing function for s > mx +k. 

-For a general definition of sequential equi- 
librium, see David Kreps and Robert Wilson 
(1982); for our purposes, the following de- 
finition will suffice. ` 


Definition 1: A sequential equilibrium con- 
sists of beliefs 6*(-) and strategies ( p,*(-), 
pi*(-}, 8*(-)) such that 
(a) p,*(s) maximizes. DU, (s, p; 6*(s)), 
for t = g, 1; 
(b) s*(7) maximizes PU(z, s; p,*(s), 
p;*(s)); and | 
(c) 6*(s) Cj0,1] for ali s, and 8*(s)= 
{7|s =s*(7)} whenever this set is 
nonempty. 


That is, the equilibrium strategy of each 
defendant type maximizes that defendant’s 
expected utility, ziven the beliefs. The pros- 
ecutor’s strategy maximizes the prosecutor’s 
expected utility, given the anticipated re- 
sponses of the two types of defendants. Fi- 


nally, the defendants’ beliefs are always con- 


on. 
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fined tothe set of prosecutor types which are 


- known to be possible, and these beliefs are 


aS a 


correct for equilibrium sentence offers. 


PROPOSITION 1: A sequential equilibrium 
for this model is for the prosecutor to offer 
s*=0 (Ge. dismiss the case), if a <mo; 
otherwise offer s*=ax+k. Let s=mx+k 
and §=x+k. Then the defendant (whether 
guilty or innocent) rejects the offer s with 
probability p*(s) =1 if s > 8, with probability 
p*(s) =1—exp{[A(s)— A(s)|/c} for s€ 
[s, 5], and with probability p*(s) =0 ifs <s. 
Finally, the defendants’ beliefs are 5*(s) =1 
for s>5,8*(s)=(s—k)/x for s€[s, 5], 
8*(s) =m for s€(0,s), and 8*(s) = [0, m) 
for s=0. , 


Notice that sufficiently weak cases— those 
with *<a)—are dismissed. How weak -is 
“sufficiently weak” depends only upon the 
form of the inference function f(r) and 


‘upon A/(y +A), and not on the resource 
cost of trials. That is, a case is never dismis-. 


sed on account of the resource costs of 
pursuing it; this decision is based only on 
the merits of the case. If equal consideration 
is given to punishing the guilty and avoiding 
punishing the innocent (i.e., A = y), then to 
be dismissed a case must leave the prosecu- 
tor believing innocence is more likely than 
guilt (f(m) <1/2). If society is more con- 
cerned with avoiding the punishment of the 


- innocent than with ensuring the punishment 


of the guilty (.e., A> y), then the prosecutor 


- will dismiss some cases in which guilt, is 


more likely than innocence: The result that 
the prosecution will dismiss cases in which 
there is sufficient doubt regarding the defen- 
dant’s guilt is consistent with anecdotal evi- 
dence. Alschuler (1981, p. 708) remarks that 
“.,.when a prosecutor does entertain serious 
doubts concerning a defendant’s factual guilt, 
he is likely to decline to prosecute...” and 
Charles Silberman (1980, p. 367) concludes 
that “Most prosecutors believe that they 
should not press charges unless -they are 
convinced of the defendant’s guilt.” | 


Formally, the equilibrium consists of two 


portions: One involves complete pooling for 
prosecutor types «<a, while the other in- 
volves complete separation for types a = mo. 
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Under the assumption that when the sentence 
offer reveals the strength of the case both 
types of defendant use the same strategy 
p(s), the uniqueness proof of Reinganum 
and Wilde (1986) can be adapted to show 
that the separating portion of the equi- 
librium is unique. If this symmetry assump- 
tion is relaxed, I have been unable to rule 
out the possibility of a separating equi- 
librium in which the two defendant types use 
different equilibrium strategies.’ 
Signaling models typically possess a multi- 
plicity of equilibria, some of which depend 
upon the specification of out-of-equilibrium 
beliefs. In view of the potential sensitivity of 
equilibrium behavior to out-of-equilibrium 
beliefs, it is worthwhile examining alterna- 
tives to those beliefs specified in Proposi- 
tion 1. In the Appendix, it is shown that 
one sufficient condition for the equilibrium 
strategies specified in Proposition 1 to be 
supported by any out-of-equilibrium beliefs 
is the parametric restriction mọ <c/Ax. Al- 
ternatively, if 5*(s) is a singleton for s € 
(0,5), then any. such beliefs will support the 
equilibrium behavior specified in Proposition 
1. Thus under plausible circumstances this 
equilibrium behavior is “(universally) divine” - 
(Banks and Sobel, 1987) and “intuitive” (Cho 
and Kreps, 1987). Indeed, it will survive any 
equilibrium refinement which relies only on 
belief restrictions. Although this does not 


"However, some likely-candidates can be ruled out. 


‘For instance, a candidate in which the innocent defen- 


dant rejects s when indifferent while a guilty defendant 
randomizes would be characterized by S(7)=ax+k 
for w €{0,1]. Thus s =k and s=x+k. Strategies for 
the defendants: p,(s)= p,(s)=1 for s>s, p(s) =1 
and p,(s)=1—exp{y(s—s)/c} for s€[s,s] and 
B;(s) = pe(s) =0 for s€[0,s) are supported by the 


‘beliefs 6(s)=(s-—k)/x for s @[s,S] and for arbi- ` 


trary out-of-equilibrium beliefs (s) & [0,1]. Although 
S(r) provides a stationary point of PU(z,s; B,(s), 
B;(s)), it does not provide a maximum for q sufficient- 
ly near 0. To’see this, note that PU(7, 5(7); p,(5(7))), 
PEC) = ar) Slr) — [f() Bem) + A — frye, 
while PU(7,0; 9, (0), ,(0)) = 0. Evaluating both expres- 
sions at a=0 implies that PU(0,0; p,(0), 5; (0)) > 
PU(O, (0); Pe (50), A(S), if and only if O> a(0)s | 
—{[1 — f(O)]Jc. Since a(0) <0, the inequality holds. Thus 
prosecutofs with sufficiently weak cases (ie:, 7 suffi- 
ciently near 0) would prefer s =0 to (7). 


there are two conflicting effects; 
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imply that this is the’ unique such equi- 
librium, it does suggest that it is a highly 
plausible one which deserves consideration 
and close inspection. 

Another expression of interest is the equi- 
librium probability of trial'as a function of 
the strength of the case. This is the composi- 
tion of the equilibrium probability ‘of rejec- 
tion and the equilibrium sentence offer: 
P(r) = p*(s*(r)). 


(4) is 1 


—exp{[A(s)= ae 


PROPOSITION 2: (a) For s &(s,5), 
equilibrium probability of rejection aes in- 
creases with an increase in the sentence s 
offered in exchange for a guilty-plea, and the 
social weight y given to the guilty defendant’s 
disutility; p*(s) decreases with an increase in 
the social cost of trial c, the defendant’ s dis- 
utility of trial k, the sentence anticipated upon 
conviction at trial x, and the social weight À 
given to the innocent defendant’s disutility. 
(b) For t © [1,1], the equilibrium sentence 
s*(a) offered in exchange for a plea of guilty 
increases with an increase in the strength of 
the case m, the sentence anticipated upon con- 
viction at trial x, and the defendant’s disutil- 


ity of trial k. It is unaffected by the parame- 


ters c, y, and À. 

(c) For 7 E (m, 1], the equilibrium prob- 
ability of trial p(1) increases with the strength 
of the case n, and the social weight y given to 
the guilty defendant’s disutility; p(a) de- 
creases with an increase in the social cost of 
trial c, and the social weight À given to the 
innocent defendant’s disutility. The effects of 
k and x upon f(m) are indeterminate because 
the direct 
effect is to reduce the probability that a given 
sentence offer s is rejected, but the indirect 
effect is to raise the equilibrium sentence offer 
s*, which in. turn increases mg likelihood of 


l poe 


An ipone implication of equilibrium 


i that when a case is.not dismissed, the 


likelihood that is will- be resolved by a guilty 
plea is greater the weaker is the case. This is 


ra 


plea).. Such 


SEPTEMBER 1988 


one plausible interpretation of Alschuler’s - 
(1968, p. 60) statement that “...the greatest 
pressures to plead guilty are brought to bear 
on defendants who may be innocent. The 
universal rule is that the sentence differential 
between guilty-plea and trial defendants in- 
creases in direct proportion to the likelihood 
of acquittal,” where the “sentence differen- 
tial” ‘is defined as the-difference between the 
sentence upon conviction x and the realized 
sentence s*(7). The reader’ should note that 
I quote Alschuler’s statement in order to 
invoke its empirical ‘claim, without neces- 
sarily endorsing his términology or his inter- 
pretation of plea bargaining as the use of 
pressure tactics. As I remarked in the intro- 
ductory discussion, the comparative statics 
implications of this model are also consistent 
with the empirical findings of .Forst and 
Brosi, 1977; Landes, 1971; Rhodes, 1976; 

and Weimer, 1978. 


Il. Restricted Prosecutorial Discretion 
The model of Section I involved consider- 


able discretion upon the part of the prosecu- 
tor. It has been argued that such discretion is 


undesirable because it gives rise to horizon- 


tal inequities: defendants charged with the 
same crime and subject to the same penalties 
upon conviction are offered different sen- 
tences in plea negotiations. As Alschuler 
(1968, p.60) puts it, ‘“the practice’ of 
bargaining hardest when’ the case is' weakest - 
leads- to grossly disparate treatment for iden- - 


tical offenders” (where by “bargaining hard- 
est” he means offering the greatest sentence 


differential between’ trial and negotiated 
“inequities” are. eliminated ‘if 
prosecutors are-constrained to offer the same 
plea bargain to all such defendants. Econ- 
omists and some legal scholars (for example, 
Thomas Church, 1979) are likely to reject 
this notion of horizontal inequity by arguing 
that defendants who face a different prob-. 
ability. of conviction are indeed. “different” 
defendants, or by invoking an- alternative 
notion of ex ante horizontal equity: While 
this controversy is lively and interesting, in 
Section. III, I examine: an alternative ra- 
tionale for such a constraint; I ask: whether it 
can improve the prosecutor’s (and society’s) 
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ex ante expected utility.’ In order to answer 
this question, it is first necessary to char- 
acterize equilibrium behavior in a regime of 
restricted discretion. 

When the prosecutor. is required to offer 
the same sentence to every defendant who is 
: charged with the same crime, independent of 


the strength of the prosecution’s case, he> ` 


must make a “pooling” offer. This can result 


in self-selection by the guilty and inno- 


cent defendants, because they have different 
ex ante expected values of 7. Let E, denote 
the defendant of type ¢’s prior expectation 
over m: | 


E, = f'rd® (lt). 


By Aan on 2, E, 2 Ep the guilty defen- 


dant expects a greater likelihood of convic- 
tion than does the innocent defendant. 


If a pooled offer s is made, it is:the- 


expectation E, wae nee the defendant’ s 
decision. 


DU, (s, p; [0,1]) = —p(E,x+k)-(1—p)s. ` 


The innocent defendant rejects s if and 
only if s > sy= E,x +k, while the guilty. de- 
fendant rejects s if and only if s>s°= E,x 
+k. Thus any offer s € (so, 5 
jected by the innocent and accepted by the 
_ guilty. 


. The prosecutor must determine an piai | 


sentence: offer, given the anticipated behav-. 
ior of the defendant types. If an offer of 
$€E (Spo, 5 
guilty and rejected by the innocent; thus the 


best such offer is s=s°, which yields ex ante 


expected prosecutor utility 


6) msgr? -01-0 + AlE +]: 


"Externally imposed constraints upon a player's 
strategy set can enable him to make binding commit- 
ments, which can improve his payoff in sequential equi- 
librium. What is of interest is whether this particulár 
constraint can be welfare-improving. An externally im- 


posed constraint serves to coordinate beliefs and makes 


a pooling offer credible in the face of equilibrium rennes 
ments such as universal divinity. 


s°] will. be re- 


s°] is made, it is accepted by the 
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Any offer s >s? is rejected by all- defen- 
dants, yielding ex ante expected prosecutor 
utility 


(6) U, =— c+ qy( E, x+ k) 
-(1— q)A(E;x +k). 
- Finally, an offer SZ is accepted by all 


defendants, yielding ex ante expected pros- 
ecutor utility 


(7) —-U,(s) =[¢v-(—4) Als. 


When gy —(1-— q)à > 0, the optimal such 
offer is sọ; when gy —(1—-q)A <0, the opti- 
mal such offer is s = Q (1.e., dismiss all cases). 
When gy —(1— q)A = 0, any offer is [0, sp] is 


optimal. A comparison of equations (5), (6), 


and (7) yields the following characterization 
of a with restricted discretion. 


PROPOSITION 3: (A) Suppose 
Ax(E;— E;) <c. Define three intervals: 


that 


L,=[0,A/A4y)]; 


(= [A/a Y), c/(yx(E, - E,)+¢)]; 


i L4 =[c/(Yx(E;— E;)+ ¢);1]. The opti- 


mal sentence offer with restricted discretion is 


‘s=0 forq € I3; that is; all cases are dismiss- 
ed. The optimal offer is-s =s for qE; 


that is, all cases are- settled by negotiated plea 
at: a sentence of Sọ Finally, the optimal 
sentence offer.is s =s? for'qg€1,,; that is, 
guilty defendants plead guilty in exchange for 
a sentence of s°, while innocent defendants go 
to trial. Expected ex ante prosecutor’ utility 
with restricted discretion is given by 


0 qe ly, 
lay-Gl-q)A|(Extk) 4Eh4, 
EPU” = 
(8) qy(E,x+k)- (1-4) 
x [c+A(Ejx+k)] gE ha 
(B) Suppose ae — E) 2c. Define 


two intervals: [I p = [0,(c + A(E;x +k))/ 
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(c+ A(E;x + k)+y(E;x + k))]; and] 
Lg= |(c +A(E,x+k))/ 


(c+A(Ejx+k)+ y( (E,x+k)) ) 1], 


The optimal sentence offer with restricted dis- 
cretion is s=0 for qE Tp; that is, all cases 
are dismissed. The optimal. offer is s° for 
q E Ip; that is, guilty defendants fre ead guilty 
in exchange for a sentence of s”, while in- 
nocent defendants go to trial. Ex ante ex- 
pected prosecutor utility with restricted discre- 
` tion is given by 


0 gE lp, 
(9) BPUT={ qy(E,x+k)-(1-4) 
X[co+A(Ejx+k)] q € Ihp. 


It is interesting to note that when the 


prosecutor types separate (that is, the offer is 
a revealing one), the defendant types pool, 
but when the prosecutor types pool, the de- 
fendant types may separate (1.e., the guilty 
plead at s° and the innocent go to trial). The 
screening outcome is much the same as that 
of Grossman and Katz (1983), and suffers 
from the same disturbing feature; the pros- 
ecutor knows that each case he takes to trial 
is against an innocent defendant. 


UI. Characterization of the Preferred Regime - 


In this section, we wish to compare equi- ` 


librium ex ante expected prosecutor utility 
in the regimes of unrestricted and restricted 
discretion described in Sections I and II, 


respectively. A convenient characterization © 


of the circumstances.under which discretion 
is preferred: can be. made in terms of the 
exogenous. expression q. 

Define 

PU*(7) =PU(z, s*(7); p*(s*(z))). 
By the envelope theorem, 
m, s(a); p*(s*(a)))/om 
=a'(a)(ax+k) 


PU* (m) = dPU( 


+ p*(s*(7))a(m)x>0 
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for m >m. Thus PU*(7)>0 for m > m, 
while PU*(7)=0 for m <m. The density 
function for 7 can be, written gd O(7 gy+(1 
~q)d®(m|i). Thus the prosecutor’s equi- 
librium ex ante expected utility with discre- 
tion can be written 


(0) EPU* = f E 


+ | PU*(7)(1- q)d® (71i). 
. QO - 
Note that EPL*>0 since PU*(a)>0 for 


7™>m and PU*(7)=0 for m <m. The 
expression EPU* can be compared with 


-ex ante expected prosecutor utility under 


restricted discretion EPU” to obtain tag fol- 
owing result. 


PROPOSITION 4: For given values of the 
parameters E;, E; Y. À,c, k, and x, there ex- 


ists a unique gy € (0, 1) ‘such that unrestricted 


discretion is preferred for q < q and restricted 
discretion is preferred for q > qo. 


Intuitively, when the arrest process does 
not do a good job -of screening out the 
innocent (i.e., q < qo), then discretion at the 
prosecution stage is preferred. On the other 
hand, when the prosecutor can be confident 
that most defendants are guilty, the restric- 
tion to a uniform offer is preferred. Many 


- factors influence the comparison between 


discretionary regimes. Recall that in the re- 
gime with restricted discretion, all defen- 
dants accept sentence offers at or below S} = 

E;x + k, while only guilty defendants accept 
sentence offers in the range (sọ, 5°], where 
= Ex +k. With a sufficiently high pro- 
portion of innocent defendants the prosecu- 
tor optimally dismisses all-cases; an. offer in 
(0, Sọ) is too costly in terms of punishing the 
innocent, while an offer in (59,5°] is too 
costly in terms of the trials generated by 
innocent defendants’ rejection of the plea 
offer. In the regime with unrestricted discre- 


tion the prosecutor can. selectively dismiss 


cases while retaining the ability to impose 
penalties upon defendants who are likely to 
be guilty. Thus discretion is preferred. With 


a sufficiently high proportion of guilty defen- 


dants, the optimal sentence offer with re- 


A. 
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stricted discretion is s?; since innocent de- 
fendants reject this offer, it is never imposed 
upon them. Since there are relatively few 
innocent defendants, the costs generated by 
their trials and occasional erroneous convic- 
tions are not great. With unrestricted discre- 
tion, there is always a fraction of cases in- 
volving guilty defendants which goes to trial; 
these trials generate court costs and occa- 
sional erroneous acquittals. Thus restricted 
discretion is preferred. 

It is straightforward to determine which 
discretionary regime is preferred by each 
type of defendant by comparing EDU,* = 
~ fa 0x + k)d®(a|t) with 


0 ` qel,, Or: 
qEhpg, 
- f (7x + k)d® (xli) qEha 


- f (0x4 kK)d@®(alt) qgel,, or 


EDU! = 


qEhp, 


for t = g,i, where the sets I, are those de- 
fined in Proposition 3. For gEJ,, or Lp, 
both innocent and guilty defendants. prefer 
unrestricted discretion; for q E€ h4 or hp 
both prefer restricted discretion; finally, for 


q€I,,, either both prefer unrestricted dis- 


cretion (for 7) large) or innocent defendants 
prefer unrestricted discretion while guilty de- 
fendants prefer restricted discretion (for 7, 
small). 

These results can be combined with those 


of Proposition 4 to show that each of the. 


following preference patterns arises from 
some configuration of parameters: (1) both 
types of defendants prefer unrestricted dis- 
cretion, while the prosecutor prefers re- 
stricted discretion; (2) both types of defen- 
dants prefer restricted discretion while the 
prosecutor prefers unrestricted discretion; (3) 
all parties unanimously prefer unrestricted 
discretion; (4) innocent defendants and 
the prosecutor prefer unrestricted discretion 
while guilty defendants prefer restricted dis- 
cretion; and (5) guilty defendants and the 
prosecutor prefer restricted discretion while 
innocent defendants prefer unrestricted dis- 
cretion. For most parameter values, there 
will be some disagreement among the inter- 
ested parties regarding the preferred discre- 
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tionary regime, so the existence of con- 
troversy is not surprising. When unanimity 
does occur, it favors the regime of unre- 
stricted discretion. 


IV. Conclusions 


The essential. features of plea-bargaining 
equilibrium which emerged from this analy- 
sis are that sufficiently weak cases are dis- 
missed, where this sufficiency does not de- 
pend upon the resource cost of trial but 
upon the social costs.and benefits of punish- 
ing the innocent and the guilty, respectively; 
that defendants against whom a sufficiently 
strong case exists are offered a sentence (in 
exchange for a plea of guilty) which in- 
creases with the likelihood of conviction at 
trial and the defendant’s anticipated disutil- 
ity of trial and conviction; and finally, the 
defendants are more likely to reject higher 
sentence offers, so that the likelihood of trial 
is an Increasing function of the strength of 
the case. 

A uniform-offer restriction upon prosecu- 
torial discretion was found to improve 
ex ante expected welfare when the propor- 
tion of guilty among those arrested is suffi- 
ciently high. Typically the prosecutor prefers 
the disposition of cases involving guilty de- 
fendants under restricted discretion, and 
prefers the disposition of cases involving in- 
nocent defendants under unrestricted discre- 
tion (see equation (A11) in the Appendix). 
When the proportion of guilty among those 
arrested is sufficiently high, the benefits from 
restricted discretion outweigh the costs. 

- Thus far I have assumed that arrest was a 
totally random process. However, arrest itself 
may convey information about the prosecu- 
tor’s case if arrest requires that the evidence 
exceed a certain standard. For instance, if 
arrest requires that the case be of strength at 
least 7,, then the defendant of type t can 
infer that the relevant density function for 7 
is dD(a7|t)/{1— ®(7,|t)]. In this case, the 
proportion of guilty among those arrested is 


a(n.) = f-aG(m,8)/ 


| f'ao(n,)+ f'aa(n, d] 


a ce raaanteetnemawrnane nanan nm 
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It can be shown that, for the truncated ex- 
ponential distribution mentioned in Section 


II and examined in the Appendix, g’(z,,) > 0; 


that is, a higher arrest standard increases the 
proportion of guilty among those arrested. 
Although their statements need to be mod- 
ified (in the obvious ways), Propositions 1—4 
also hold with this specification of the model. 
This ‘suggests that arrest standards are im- 
portant determinants of the institutional 
forms of related aspects of the criminal jus- 
tice system. One effect of low arrest stan- 
dards is to make prosecutorial discretion 
more attractive since low arrest standards 
generate a higher fraction of cases likely to 
involve innocents, cases which must be 


. weeded out at the prosecution stage. On the 


other hand, high -arrest standards make re- 
stricted discretion more attractive. Of course, 
the arrest standard also has a direct effect 
upon ex ante expected social utility, since it 
determines the number of cases as well as 
the fraction likely to involve a. guilty defen- 
dant. The determination of the optimal arrest 
standard and the associated discretionary 
regime is beyond the scope of this paper, but 
some of the-relevant tradeoffs have been 
identified. A. more difficult task is to incor- 
porate the discovery process. One way to do 
this is to assume: that the defendant receives 
a signal which is (imperfectly) correlated with 
the actual strength of the case. If the pros- 
ecutor also observes this signal, then this is 
basically an exercise in updating priors. Both 
parties simply use their posterior distribu- 
tions in their decision making. If the signal is 


. private information for the defendant, mat- 


ters could become considerably more com- 
plicated. 

One might plausibly argue that innocent 
defendants are likely to suffer more than 
guilty defendants in the same circumstances 
because their punishment is undeserved. One 
natural way to model this would be to as- 
sume that a sentence yielding disutility d to 
a guilty defendant yields disutility ad to an 
innocent defendant, where a>1. This ‘ 
justice” multiplier should be present ea 
the sentence is imposed upon conviction at 
trial or upon the acceptance of a plea 
bargain. Since the disutility of trial is also 
unjustly imposed upon innocent defendants, 
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a trial yielding disutility k to a guilty defen- 
dant yields disutility ak to an innocent de- 
fendant. Under these reinterpretations, the 
innocent defendant! who accepts a plea 
bargain of s receives‘disutility as, while one 
who chooses trial expects E; (m|8(s)) ax + 
ak. Thus the innocent defendant’s expected 
utility is now simply scaled up -by the factor 
a. Since it is not the absolute level of disutil- 
ity which matters, but the comparison be- 
tween the disutility of going to trial and that 
of accepting a plea bargain, the innocent 
defendant’s decision problem is unchanged. 
The prosecutor’s objective function has the 
same functional form, but the parameter À 
is now replaced by ah. Subject to this sub- 
stitution, the equilibrium strategies are as 
given in Proposition 1. Of course, justice 
might enter the utility function in other than 
a multiplicative manner, in which case in- 
nocent and guilty defendants will likely be- 
have differently in equilibrium. 

These results have been obtained in a very 
streamlined model. Even now, several issues 
remain open. First, there is the possibility of 
asymmetric separating equilibria in which 
both types of defendants’ randomize, but 
according to different strategies. In addition, 
there are likely to be equilibria which involve 
some degree of pooling. I have taken a broad 
apprcach to equilibrium refinement, present- 
ing sufficient conditions for the proposed 
equilibrium to be robust to arbitrary out-of- 
equilibrium beliefs. However, the application 
of specific refinement concepts will imply 
particular restrictions on out-of-equilibrium 
beliefs. Due to the difficulty of applying 


these concepts to the case of two-sided 


asymmetric information, this has been left 
for future research. 

Finally, many discussions of the desira- 
bility or deploraoility of prosecutorial: dis- 
cretion center on alleged problems of a 
principal-agent nature. Thus it would be in- 
teresting to compare these results with those 
which might emerge under alternative pros- 
ecutorial objective functions. For example, 


one common assertion is that prosecutors 


care more about their “winning percentage” 

at trial than about public welfare, the impli- 
cation being that they are willing to try only 
cases they are likely to win. But the results 
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of this paper imply that stronger cases are 
more likely to go to trial (in equilibrium) 
even absent such a divergence between the 
preferences of society and the prosecutor. 
Some conclusions about thé likely effects 
of divergent objectives can be obtained by 
assuming that the prosecutor’s objective has 
the same form as that of society, but that he 
misperceives the parameters. For instance, if 
he overestimates the social value of punish- 
ing the guilty (or underestimates the so- 
cial value of protecting the innocent from 
punishment), he will pursue cases he should 
have dismissed, and the likelihood of trial in 
each case will be too high. On the other 
hand, if the prosecutor overestimates the so- 
_ cial resource cost of trial, the likelihood of 
trial in each case will be too low. While these 
implications are suggestive, a more thorough 
investigation of alternative prosecutorial ob- 
jective functions is necessary in order to 
make any inferences about objectives on the 
basis of observed behavior. 


APPENDIX 


Example 1: Let G(r; pa = nfl ee Ve e™*i] and 
G(r, g) =(1— n)[l— es" |/f. —.e7 2], where h> h 
and ~ €[0,1]. We wish to verify that Assumptions Í 
and 2 (for ô of the form [a,b]) are satisfied. 


ASSUMPTION 1: f’(7)>0 for 7 &[0,1], The prob- 
ability of guilt conditional upon aw is f(r) = 
dG(a, g)/[dG(7, g)+ dG(a,i)]. Differentiating and 
collecting terms implies that f’ (7) >0 if and only if 
| dG(m, i)/d*G(a, i) > dG(m, g)/d?°G(a, g). For our ex- 

ample, this inequality becomes —1/h;> —1/h; or h; 
>h ` 


ASSUMPTION 2: _(for & of the form |a, b)). -E (7/8) 
> E,(7|8) for all 6. The conditional expectation of r, 
given the defendant’s type and given that 7 &[a, b] is 


E,(alla, b]) = f’rd® (71t) /18 (b1) = @(ale)] 
= a+ f’ {le-or 
[® (bjt) ~ 2 (alt)]} dr. 


For our example, [8 (blt) - ae It) /[® (bjt) — Pale) 
= [eit — go hs?) ff e~ nt — eu?) Since w(h) =[e~ ae 
mn ais e—*>) is nonincreasing in A for 7G 
[a, b], h i> hg implies ‘ w(h;)<w(h,) for mef[a,b]. 
Thus Æ; (ala, bD < E(a{a, b). 
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Proof of Proposition 1. Given 6*(s), is p*(s) optimal? 
For s > $,8*(s) =1 and DU, = — p(x+k)—Q-—p)s, so 
p*(s)=1 is optimal. For s &[s, 5], d*(s) =(s — k)/x 
and DU, = — ps —(1 — p)s, so any p works. Thus p*(s) 
=1~exp{{A(s)— A(s)]/c} is optimal for s €[s, s]. For 
s$ € (0,5), 8*(s) = m and DU, = — p(mx+ k)- 


` (1— p)s, so p*(s) = 0 is optimal for s € (0, s). Finally, 


for s = 0,8*(s) =[0, 7); since E (70, m) = 0,DU, = 
— p[E (m0, %))x + k]—(— p)s implies that p*(s) = 
0 is optimal. 

Given p*(s), is s*(7) optimal? Since p*(s) is the 
same for both défendant types, we can use the prosecu- 
tors payoff as described in equation (3). For 7 < m, 
PU(a, 5; p*(s)) <0 for all positive values of s while 
PU(7,0; p*(0)) = 0, so s*(7) = 0 is optimal for 7 < m. 
For 7 > m, PUC, 5; p*(5)) > PU(7, s; p*(s)) for s>5 
and PU(s,s; p*(s)) = PU(%, s; p*(s)) fors <s (with 
equality only at w=). So s*(7) €[s,5] for 72%. 
Differentiating PU(7, s; p*(s)) with respect to s and 
equating to zero yields 


dPU/ds = exp{[A(s)~ A(s)]/c} | 
x {[4'(s)/e]f- 


eta(r)(axt+k-—s)] 
+a(a)}}=0. 


Upon noting that exp{-} is never zero, and that 
A(s) = a((s — k)/x), this simplifies to 


a(a)(ax+k—-s)=cla((s—k)/x)—a(7)]. 

Since a(-) is.an increasing function, whenever the 
left-hand side is positive, the right-hand side is negative, 
and vice versa. Thus the only solution is s=mx+ k. 
That is, the function PU(z, s; p*(s)) has.a unique sta- 
tionary point at s*=ax-+k. Moreover, the second 
derivative of PU(, s; p*(s)) with respect to s is nega- 
tive at s*. Thus s* provides a local maximum. But it is 
also a global maximum because otherwise there would 
have to be an interior local minimum between the local 
maxima, but there are no other stationary poms of 
PU(7, s, p*(s)). 

Finally, we need to check consistency: 5*(s) C (0, 1] 
for all s. Moreover, 8*(s*(a)) =q for a €[a,1] and 
5*(0) = [0, 7), which is exactly the set of cases dismis- 
sed by the prosecutor (i.e., offered s*(m) = 0). 

Alternative Out-of- Equilibrium Beliefs. I claim that 
a sufficient condition for the equilibrium strategies of 
Proposition 1 to be robust to out-of-equilibrium beliefs 
is: m = ¢/Ax. To see this, recall that since E,(7|8(s)) 
> E,(7|8(s)) for all (s) (by Assumption 4), if an 
innocent defendant strictly prefers to accept s, then so 
does a guilty defendant. Thus (assuming identical be- 
havior when both defendant types are indifferent), only 
three types of asymmetric behavior can arise: (1) g 
accepts s and i rejects s; (2) g randomizes due to 
indifference and i rejects s; and (3) g accepts s and i 
randomizes due to indifference. 

Consider first the case of identical behavior. For 
s £ 0U[s, S], 


PU(7,s; p(s)) = p(s)[-¢t+ a(7)(axt k)] 
+[1~ p(s)]a(z)s 


mamn ens Sere See he EE 
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for some p(s) €[0,1]. Note that any s > 5 is optimally 
rejected by both defendant types regardless of their 
beliefs. Let PU*() = PU(a, s*(2); p*(s*(m))). Since 
PU*(7) = a(a)(ax +k) — p*(s*(1))c > a(m)\(ax +k) 
~e for all 7 >a, no such # would offer s> 5. Simi- 
larly, PU*(9r) =0 > a(a)(ax + k)— e for 7 < m, so no 
such ~ would offer s > 5. 

For s € (0,5), when the same behavior p(s) arises, 
PU(27, s; p(s)) <O=PU*(7) for n <m. For a>, 
notice that 


eee s; p(s)) < p(s)[- c+ a(o )(ax+k}]. 
+[1- p(s)]a a(a)(%+ k). 


But PU*(7) = a(a)(ax + k)— p*(s*(m))e > a(r) 
(ax t+ k)=c and PU*(w) > PU(7,s, pis) = alr) 
(mx +k) for all 7 > m. Thus no r > m would prefer 
s € (0,5) to s*(7). 

Recall that whenever 6*(s) is a singleton, both de- 
fendant types have identical expectations and are as- 
sumed to behave in an identical manner; thus the 
equilibrium behavior of Proposition 1 is robust to any 
out-of-equilibrium ` beliefs which consist only of single- 
tons. 

Next consider asymmetric behavior of type (1): g 
accepts s and i rejects s, for s (0,5): Then 


PU(2, 5;0,1) 


=f(a)ys + [1— f(a] e— A(ax + k)] 


< f(@)y(mx+k)+[1- f(r)][- e- (rx + k)] 
=af(n)(mx+k)-[1— f(r)][c+x(r- m). 


For @ > %,PU(z, s; 0,1) < a(w)(mpx + k) = 
PU( r, s; p*(s)) < PU*(7). For a < m, a sufficient (but 
not necessary) condition for PU(7, s;0,1) < a PU*(77) 
iS m <C/AX. 

Next consider type (2) asymmetric behavior g 
randomizes using p,(s) and i rejects s € (0, s). Then 
PU( 7,5; Pe(s),1) 

=f (7) { p (s)[-c+y(ax+k)]+[1- p(s] 8} 
+[1-/(7)][-e-A (rx + k)] 
= p(s)[a(a)(7x+k)- ce] 


+[1- p; (s)]PU(7,5;0,1), 


where PU(7, s;0,1) is given above. It was argued above 


that for all 7,PU*(7) > a(7)(wx+k)—c and PU*(z) 
> PU(a,s;0,1). Thus PU*(7) > PU(2,s; p,(s),)) for 
all r. 

Finally, consider type (3) asymmetric ‘behavior: g 
accepts s and i randomizes using p;(s), for s € (0, s). 
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Then — 


PU( T, s; 0, p;(s)) 


| =f(m)ys+[1-f(7)] 
x{ pi(s)[-e~ A(ax + k)]—[1— pi(s)] As} 
> [1— p (s)ļa(r)s+ p(s)PU(7,s;0,1). 


Previous arguments imply that PU*(7) > a(7)s and 
PU*(7) > PU(z,5;0,1) for: all ~v. Thus PU*(7)> 
PU(7, 5;0, p;(s)). The parametric restriction m < c/Ax 
was used only to show that PU*(7) > PU(z,s;0,1) for 
@ < mg; any other restriction which is sufficient to ensure 
this could be substituted. 


Proof of Proposition. 2. (a) Recall that p*(s)=1— 
exp{[A(s)— A(s)]/c}. Note-that A(-) also depends 


upon the parameters k, x, y,, and A: A(s; k, x,y, À) = 
fa((s —k)/x)ds, where a(") = f(-)y—-(— f(a. It 
follows immediately that p* ‘(s) > Qand dp*(s)/dc <0 
for s €(s,5]. Differentiation of p*(s) with respect to 
any other parameter m yields the following formula: - 


dp* (s)/am 
= — (1/e)exp{[4(s)~ 4(s)]/c} 
X [A'(s)(ds/‘dm)+ A (s)/ðm-3A(5)/3m]. 
Since: | S | 
| A’(s) = a(m) =0, 
sgn 9p*(s)/dm = sgn[4A(s)/dm— ðA (s)/ðm] 
STN youd 
=spnda((s—k)/x)/am. 


The assertions of Proposition 2 (á) then follow from 
the facts that 


da((s- k)/x)/ðk =a’((s~k)/x)(- 1/x) <0, 
3a((s—k)/x)/ax=a'((s-k)/x)(-1/x2) 
(s- k) <0, | 
da((s—k)/x)/dy=f((s—k)/x) >0 and a 
ga((s~k)/x)/dd=~—(1~ f((s—k)/x)) <0. 
(b) Recall that for 7 €[1,1],s*= 
tions follow immediately. ; 
(c) For f(a) =1—exp{[A(s)— A(s*(7))]/c}, the asser- 


tions p’(7)>0 and df(7)/dc <0 are immediate for 
n €(%,1]. Differentiating with respect to any other 


ax+k; the asser- 


Phenenene ene nee eee e: 


Gire 3: For g [(e+ MEX + KD/ME 
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parameter m yields 
ðp(7)/3m 2 pe E 
= + (1/c)exp ([A(s)- AEDI) 
x {'(s)(ds/dm) — A(S*) (ds Jd) 
TGA) /Ots .JA(s*)/Om)}. 


Again, As) = a(%) = 0, and ds* /dm = 0 for m =y 
and m=X, so sgn ĝ(r)/Im = sgn 07A(s)/Omds = 
sgn da((s—k)/x)/am for m=y and. m=. The 
claims that ¢f(7)/dy>0 and f(r) <0 follow 
from the facts that da((s~—k)/x)/dy = f(s — k)/x) 
>Oand da((s— k)/x)/dA = —(— f(s — k)/x)) <9, 
respectively. For m=k,x there are two conflicting 


effects; sgn A’(s*)(ds*/dm)> 0, while sgn da((s— - 


k)/x)/dm <0. Thus the signs - of Op(2)/ak and 
dp(m)/dx are indeterminate at this level of generality. 


Proof of Proposition 3. Substituting for ‘s® in equation. 


(5), it is clear that U, > U,; it is never optimal to take all 
cases to trial. Comparing U, and % os the following 
four cases: 


Car. a to qè max(A/ly +0), e/0x(E, - HE+ 


Ri) 


c)}}, s =s” is optimal; the payoff is given by. Ú.. 


Case 2: For q€ A + A), c/(yx(E, — - E; p+ Obs s= 
Sq iS optimal; the payoff is given by Ta 


+ k]+ e) A/(y +A), s =s? is. optimal; the. payoff, is 
given by U. ; 


Case 4: For q< min{(c +A(E X + k)/(yL Bx + k]+ 


ALE, x + k]+ c), A/(y+ A)}, $= O is optimal; fhe payoff 
is given by U;. 


Actually, when the interval in Case 2 is nonempty, 
the interval in Case 3 is empty and vice versa. This 
allows the simplification in Proposition 3. - 


Proof of Proposition 4. Define the function A(q) = 
EPU*(q)— EPU’(q), where EPU*(q) is given by equa- 
tion (10) and EPU’(q) is given by equations (8) and (9) 
in cases (A) and (B), respectively, of Proposition 3. 
Restricted discretion is preferred if and only if A(q) < 0. 
We need to show that there exists a unique qg € (0,1) 
such that A(g) > 0 for q < qo and A(q) <0 for q > qo. 
Note that EPU*(q) is a linear function of q, while 
EPU'(q) is a continuous and piecewise linear function 
of q. Thus A(q) is also a‘continuous and piecewise 
linear function of q. 

Consider first case (B) of Proposition 3. A(q) = 
EPU*(q) > 0 for all qE Apg. For ¢g€ hp, A(q) can be 
written 


(A11) A(4)= ['Po%G)- y(i + k)]at0 (nie) 


+ f [PU*(7)+ c+N(ax+k)](— q)d® (rli): 


x+k]+ AL Ex 
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Since PU*( a) = a(a)(7x + k)— p(a)c < y(x + k) for 
a > m and PU*(7) =0< (ax +k) for a <m, the first 
integrand is negative. Since PU*(7) > 0 for all 7, the 
second integrand is positive. Thus A’(q) < 0 for gE lh, 
and A(1) <0. Recall that A(g)>0 for qEg and 
A(q) is continuous in g. Consequently, there exists a 
unique go € Tag such that A(q)>0 for q< qo and 
A(q) <0 for q > qo. This proves the claim for Case (B). 

Next consider Case (A) of Proposition 3. For q € 
ha A(q) = EPU*(qg)>0. For q€ ha Ala) can be 
written 


A(q)= AOG 
: [vax k) qd (mi) 
4 f [PU*(a)+ A(wx +k} G- q)d® (rli). 


For q € J,,,A(q) is as above in equation (A11). For 
q € I4, A(q) is a linear function with A(A /(A +Y) > 
0. Thus A(q) either remains positive throughout J, or 
there exists a unique. qg€ I, such that A(q)>0 for 
q < qo and A(q) <0 for q> qg. If A(q) remains posi- 
tive throughout A, then since 4(q) is continuous with 
A(1) <0 and A’(q) < 0 forg € J,,, there exists a unique 
Yo € 1,4 such that A(q)>0 for g< go and A(q)<0 
for q> qo. If A(q) =0 for some gp € h4, then-since 
A’(q) <0 for q € I,,, A(q) remains negative thereafter. 


In either case, the claim follows for Case (A). 
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Domestic Politics, Foreign Interests, 
and International Trade Policy 


By ARYE L. HILLMAN AND HEINRICH W. URSPRUNG* 


This paper incorporates the foreign interest in the determination of a country’s ` 
international trade policy into a model of political competition between candidates 
contesting élective office. We envisage foreign and domestic producer interests as ` 
expressing political support for a candidate via campaign contributions, and -` 
candidates as making trade policy pronouncements to maximize political support 
from producer interests. Tariffs are divisive, but VERs are consistent with 
conciliatory policy positions yielding mutual gain to foreign and domestic inter- 
ests. No candidate has an interest in formulating a trade policy position usin 1g a 


tariff if a VER is a policy option. 


Protection in the developed countries’ has 


in recent years often taken the form of 
bilaterally negotiated voluntary export re- 
straints (VERs) rather than the more tradi- 
tional únilaterally imposed import restric- 
tions. The use of voluntary export restraints 
has been paralleled by interest in the theoret- 
ical literature. The effects of VERs have been 
compared with tariffs and quotas, and VERs 
have been examined in a political-economy 


*Bar-Ilan University, Ramat Gan, 52100 Israel and 
University of Konstanz, Konstanz, D7750 F.R.G., re- 
spectively. Ursprung acknowledges the support of the 
Swiss National Science Foundation. We thank Peter 
Bernholz, Harold Demsetz, Sebastian Edwards, Wolf- 
gang Mayer, Michael Waldman, and two anonymous 
referees for comments on a previous draft. We have also 
benefited from seminars at Bar-Ilan University, the 
University of California-Los Angeles, the University of 
Konstanz, the University of Pennsylvania, the Univer- 
sity of Pittsburgh, and Princeton University. 

The various. instances include the restraints on U.S. 
imports of Japanese automobiles, initially implemented 
in 1981 and renewed in subsequent years to. date. 
Japanese automobile exports to the U.K., France, and 
Italy are also subject to voluntary restraints, as are 
European exports of steel to the United States, various 
developing countries’ exports of clothing to the United 
States, and the EEC, and exports of consumer electron- 
ics goods from the newly industrializing countries of 
Asia to some developed countries. VERs as a compo- 
nent of U.S. trade. policy date back at least to 1957 
when the United States announced that Japan would 
“voluntarily” restrict exports of cotton textiles and 
apparel for the subsequent five years. 
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framework with a view to identifying the 


gainers and losers from this form of restric- 
tion of international trade.? Foreign inter- 
ests figure prominently in these analyses. 
VERs are, like import quotas: which have 
been assigned to domestic interests, quanti- 
tative restrictions, but it is foreigners who 
secure the rents created by the' restraint on 
trade. If a VER is a substitute for a tariff, 
revenue which would have accrued to the 
home government is transferred to for- 


eigners. 


The rent or revenue transfer to foreigners 
has given rise to two interrelated perspec- 
tives on VERs. By negotiating VERs, home 
governments have been seen as providing 
compensation in seeking foreign acquies- 
cence with domestic protectionist policies 
which violate prior negotiated GATT com- 
mitments; and by consenting to VERs, for- 
eign governments have on their part been 
seen as preempting ‘other more costly pro- 
tectionist measures in export markets.° 


*See Kent Jones (1984), who also reviews prior theo- 
retical literature. 

Other proposed explanations for VERs include the 
suggestion by Jagdish Bhagwati (1985) that export re- 
straints may be linked to incentives for domestic invest- 
ment by the foreign industry whose exports are subject 
to restriction. Since it is Japanese exports which have 
been prominently involved, it has also been suggested 
that VERs may reflect a traditional Japanese preference 
for undertaking unavoidable, unpleasant acts oneself 
rather than leaving the execution of such acts to others. 
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VERs as protectionist options thus in- 
troduce a focus on the foreign interest in 
the domestic determination of international 
trade policy, and more particularly in the 
form which protectionist policies take. This 
paper presents a model of the political for- 
mulation of protectionist policies which takes 
explicit account of this foreign interest. In a 
setting of representative democracy, rival 
candidates for political office are viewed as 
making trade policy pronouncements so as 
to maximize political support, which may 
derive from foreign or domestic producer 
interests.4 

Foreigners, lacking the necessary fran- 
chise, cannot influence the determination of 
trade policy directly by voting in domestic 
political contests. However, under repre- 
sentative democracy, foreign participation in 
domestic politics can take the form of 
campaign contributions, or other transfers 
directed at influencing the trade-policy posi- 
tion taken by a political candidate. Evidence 
confirming the foreign interest in participa- 
tion in domestic politics is provided by the 
comprehensive account of foreign lobbying 
expenditures documented by Steven Husted 
(1986). 

We shall portray the foreign interests seek- 
ing to influence the domestic formulation 
of international trade policy as residual 
claimants in a foreign export industry. The 
foreign industry is composed of identical 
Cournot firms acting noncooperatively, un- 
less directed to comply with negotiated VERs 
by collectively restraining exports and preal- 
locating market shares. A Cournot portrayal 
of firms is likewise adopted in the domestic 


“Economic policy is thus politically determined (see, 
for example, Peter Bernholz, 1974, 1977). The interna- 
tional economics literature has in recent years empha- 
sized the inherently political nature of protectionist 
decisions. See, for example, Robert Baldwin, 1982, 1984, 
1985; Arye Hillman, 1982; Wolfgang Maver, 1984; 
Leslie Young and Stephen Magee, 1986; and James 
Cassing and Hillman, 1985, 1986. Our model of politi- 
cal competition under representative democracy is in 
particular of the genre of models of political con- 
testability as formulated by Young and Magee. The 
literature on the political economy of trade policy is 
reviewed in Hillman, 1988. 
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import-competing industry. Firms in the 
domestic industry remain however at all 
times in compliance with domestic antitrust 
laws and do not behave collusively.° 

Firms choose campaign contributions to a- 
favored candidate to maximize expected prof- ` 
its, which depend upon the rival candidates’ 
prospects for election and upon the trade 
policy to which a candidate commits himself 
if elected. The campaign contributions made 
by firms have a public-good character. Any 
one firm’s outlays benefit other firms which 
stand to gain or lose in the same way from a 
candidate’s policy commitment. Firms’ polit- 
ical outlays thus constitute an instance of 
private provision of public goods, here the 
collective benefit derived from influence over 
policy.® 

In this endogenous policy setting, we in- 
vestigate the characteristics of protectionist 
proposals when the alternative forms of trade 
intervention are tariffs and quantitative re- 
strictions in the form of VERs.’ The out- 
come of political competition depends upon 
the instrument used by the rival candidates 
to make trade-policy pronouncements. The 
tariff equilibrium is politically divisive in 


Firms are viewed as identical, so that the number of 
firms can be used as a simple measure of industry 
competitiveness. More generally, of course, because of 
efficiency differences (see Harold Demsetz, 1973), firms 
will have different market shares. However, we abstract 
from such differences among firms to focus on the quest 
to influence trade policy via the political process. 

®See Richard Cornes and Todd Sandler (1986) for an 
exposition of the theory of noncooperative voluntary 
provision of public goods. 

We do not compare auctioned import quotas with 
VERs because under our assumptions (which we shall 
subsequently make explicit) concerning property rights 
to revenue assignment, political candidates prefer VERs 
to auctioned quotas as protectionist instruments. The 
literature offers other perspectives on political choice of 
the means of protection. The choice between tariffs and 
quotas by a government trading off political support 
from domestic gainers and losers from protection is 
considered by Cassing and Himan, 1985. On terms of 
trade uncertainty, domestic interests, and the political 
choice between tariffs and quotas, see Rodney Falvey 
and Peter Lloyd, 1986. Again in settings concerned only 
with the domestic interests influenced by trade policy, 
Dani Rodrik, 1986, and Mayer and Raymond Riezman, 
1987, consider aspects of the choice between tax/sub- 
sidy instruments and tariffs. > 
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that a protectionist candidate announces a 
‘prohibitive tariff and a liberal trade-policy 
‘candidate announces free trade as his policy 
platform. Associated with the political di- 
visiveness in the candidates’ policy pro- 
nouncements is divisiveness in the attribu- 
tion of economic gains and losses. associated 
with candidates’ pronounced policies. The 
policy. platform chosen by the protectionist 
candidate maximizes domestic profits and 
minimizes foreign profits, while the opposite 
is true of the, equilibrium policy platform 
chosen by the liberal trade-policy candidate. 
However, when candidates’ policy pro- 
posals are formulated in terms of export 
restraints, trade-policy platforms converge to 
a Hotelling-type equilibrium. There is thus 
political conciliation. At the same time, the 
prospect emerges of compromise between the 
conflicting economic interests of domestic 
and foreign producers: An interior equi- 
librium (which cannot arise under a tariff) is 
characterized by a level. of export restraint 
which is more restrictive than foreigners 
would wish in-order to maximize collusively 
joint profits, but less restrictive than the 
prohibitive level of restraint of imports 
sought by domestic import-competing firms.’ 
Beyond compromise, the political equi- 
librium associated with VERs is consistent 
with mutual economic gain to foreign and 
domestic producer interests.? Our concep- 
tion of voluntariness of export restraints is 
based on the prospect of such mutual gain. 
We shall term an export restraint as volun- 
tary if foreign and domestic industry rents 
both increase as the consequence of for- 
eigners’ coordinated restriction of export 
sales. This conception of voluntariness dif- 
fers from the more traditional perspective 
that export restraints are imposed restric- 
tions which are only voluntary in the sense 
that foreigners find negotiation and compli- 


_ ®For consistent evidence, see Schlesinger, Wall Street 
Journal, Jan. 28, 1987, “Japan’s Extension of Auto- 
Export Curb Fails to Mollify Strongest U.S. Critics.” 
For recognition of collusive aspects of VERs, see 
Richard Harris, 1985; Jurgen Eichenberger and Ian 
Harper, 1987, and Kala Krishna (forthcoming 1988). 
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ance preferable to a threatened alternative 
trade restriction.’ 

Whether an export restraint facilitates i in- 
creases in producer rents at home and abroad 
will be shown to be determined by a rela- 
tionship linking foreign and domestic market 
structures and the substitutability of foreign 
and domestic goods in domestic consump- 
tion. In particular, a change in substitutabil- 
ity as for example effected by upgrading of 
exports can make an initially involuntary 
constraint voluntary." 

We also investigate the political choice 
between VERs and tariffs. Export restraints 


are shown to dominate tariffs, in that politi- 


cal equilibria are inconsistent with any 
candidate’s making a protectionist policy 
pronouncement in terms of a tariff when the 
option of using export restraints is available. 

Two aspects of our model of the political 
contestability of trade policy merit pre- 
liminary comment. We assume. that rival 
candidates place no value on revenue de- 
rived from a tariff. Such revenue accrues to 
the general fund of government receipts to 


= which the candidates have no claim. How- 


ever, while the candidates have no means of 
appropriating or benefiting from the revenue 
from a tariff which they might propose, there 


10There is a related view in the literature (see Bhag- 
wati and T. N. Srinivasan, 1976) that foreigners may 
themselves initiate voluntary restraints on exports to 
preempt protectionist measures in export markets. Con- 
sistent with this view, the Economist (May 30, 1987) 
reported: “Taiwan and South Korea may be about to 
introduce voluntary export restraints on some goods, 
including shoes. Legislation in the United States Con- 
gress is trying to limit shoe imports to their 1986 levels. 

"Thus the United States indicated its readiness in 
1985 to dispense with the voluntary export restraints on 
Japanese automobiles which had been introduced in 
1981. However, the voluntary export restraints were 
nonetheless renewed by the Japanese government. At 
the same time there is evidence of quality upgrading of 
Japanese automobile exports to the United States (see 
Robert Feenstra, 1984, 1985; and Charles Collyns and 
Steven Dunaway, 1987). 

12 See Baldwin (1984) for observations on limitations 
to the assignment of property rights to tariff revenues. 
For an analysis encompassing, voluntary export restric- 
tions which does on the other hand assume that individ- 
uals can secure claims to revenue from tariffs, see 
Richard Brecher and Bhagwati (1987). 
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is a prospective benefit from the creation‘of 


rents which can be transferred to private 
economic interests: via export restraints. The 
latter rents can be transformed via the politi- 
cal process into campaign contributions, 
thereby bearing upon the candidates’ ulti- 
mate concern, their probabilities of attaining 
political office. 

Second, our formulation of aigeal com- 
petition does not assign an active role- to 
consumer interests. The focus is on ‘those 
interests with the principal economic stakes 
in influencing the political formulation of 
trade policy,.domestic and foreign residual 
claimants who benefit or lose according to 
the trade policy adopted. Consumers are 
viewed as passively influenced in their. voting 
behavior by campaign’ expenditures, hence 
the importance assigned to campaign contri- 
butions by the candidates. The vote which 
consumers cast is, moreover, preconditioned 
on the policy positions taken by the candi- 
dates on a range of issues and is not 
dominated by any one single issue. Out of 
“rational ignorance,” consumer—voters have 


-no reason to have acquired detailed informa- 


tion: on. the consequences of. policies pro- 
posed regarding the extent and form of pro- 
tection. for a particular industry. This “is, 
however, not to deny that consumer interests 
can influence the trade policies proposed by 
candidates for political office. To the extent 
that. consumer interests matter, the pro- 
tectionist outcomes which we shall portray 
will be moderated. 


L The Model 


We consider an import-competing in- 
dustry. producing a homogeneous good which 
is imperfectly substitutable in. domestic con- 
sumption for imports. The domestic demand 
functions for the domestic good and imports 
are” , 


(1). P=a—bx+yP* 
(2) P* = a — bx*+ yP, 
where x and x* denote quantities of 


domestically produced and foreign goods, 
and P and P* are the respective domestic 


SEPTEMBER 1988 


prices of the two goods; y is a constant with © 
values 0<y<1 which measures substitut- 
ability in consumption between domestic and 
foreign goods.” 

The domestic industry consists of n iden- 
tical profit-maximizing Cournot firms. Each 
firm makes a campaign contribution L, to 
influence the outcome of an electoral contest 
between two candidates, one’ of whom is 
predisposed to 2 protectionist and the other 
to a liberal trade policy.’4. Firms’ per unit 
production costs are a constant c. A domes- 
tic firm chooses output and a campaign con- 
tribution to the protectionist candidate to 
maximize profits given'by 


(3) sr gas clea - L, ; 


Xis e 


ES eee 


The foreign industry consists of m Cour- 
not firms also seeking to influence domestic 
trade policy. Foreign firms have the same 
per unit cost of production as domestic firms. 
When a tariff is the means of domestic pro- 
tection, the profit-maximization problem 
confronting a foreign frm is 


(4) max nt =(P*—c~1) xt — LF, 


xf, LF 
i=]1,..., n, 


where ¢ is a specific tariff. Alternatively, with 
an export restraint V, foreign firms maximize 


131f y =0, demand for each good depends only upon 
its own price, reflecting zero substitutability. With y > 0, 
if P= P*, then x =x*: but P > P* is consistent with 
x > 0, so not all domestic firms’ sales are lost to com- 
petitive imports when the price of the domestic good 
exceeds that of imports. For the specification of con- 
sumption preferences underlying the above demand 
functions and another application to an analysis of 
export restraints, see Harris (1985). Using Bertrand 
price adjustment (as distinct from our formulation of 
Cournot quantity-adjustment), Harris shows that an 
export restraint set at the free-trade quantity of imports 
can be voluntary, in the sense of facilitating an increase 
in foreign firms’ profits. See also Eichenberger and 
Harper, 1987, and Krishna, forthcoming 1988. 

4Ideology has no role here.. We assume a ‘policy 
predisposition to distinguish the candidates. 
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profits: subject to the coordinated market- 
sharing condition : 


(6) x* <V/m. 


Each candidate seeks to maximize’ his 
probability of election, which is determined 
by campaign contributions received relative 
to total contributions. The protectionist 
candidate, who is the beneficiary of domestic 
firms’ contributions, thus seeks to maximize 


: 
O L+L*’ 


(6) 


where 


L=} L, 


i=1 i=] 


m 
and L*= Ý L*. 


On the other hand, the candidate predis- 
posed to a liberal trade policy seeks to mini- 
mize W. It will be assumed that if the two 
candidates propose identical policies, then 
each has caua probability of pagans 


H. Political Competition with a Tariff 


A. Tariffs and Profits 


Let candidates’ policy pronouncements be 


made in terms of tariffs. For given tariff 
policies, each firm maximizes profits, assum- 


ing that other firms do not respond to its | 


output choice. The symmetric Nash equi- 


librium that results is given by the respective . 


outputs: for domestic and foreign firms, 


[m(1-y)+1]B 
g o Gg 
[y(i - ym] 
w =1,...,n 
and 
7 [a(1—y)+1]B 
O ae 
7 (l-y?)(n+1t = 
ees? Saas; is ses M 
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where A=(m+1)X(n+1)—mny?>0 and 
B=(l1+yXa- c(l- y) > 0. 

Denote by ż the prohibitive tariff in a 
symmetric Nash equilibrium, established by 
solving (8) for x;* = 0, For x, x* > 0, y>0 
and 0 <t<t, (7) and (8) indicate that equi- 
librium domestic sales are linear functions of 
the tariff, increasing for domestic firms and 
decreasing for foreign firms. As the tariff is 
increased, domestic consumers substitute 
domestic output for imports, the extent of 
substitution depending on the value of y. If 
y= 0, the output x, of domestic firms is 
independent of the tariff, but the domestic 
sales x* of foreign firms still decline as the 
tariff is increased. 

Post-election profits depend upon the tariff 
via’: 


O aO- 
- x{İm(1-7)+1]8 
+ (1 _ y?)ymt y 


1 4 
(0) a) =o 


-x{[nQ-y) +118 


—(n +1)(1- PNY. 


It follows that as depicted in Figure 1, for 


nonprohibitive tariffs, profits of domestic and 
foreign firms are respectively strictly increas- 
ing and decreasing, but both strictly convex, 
functions of the tariff. 


B.: Choice of Campaign Contributions 


Percentage the ex post (or post election). 
dependence of profits on the tariff, firms 
make campaign contributions ex ante to in- 
fluence political candidates’ trade policy pro- 


‘°To derive the profit functions (9) and (10), sub- 
stitute the equilibrium quantities (7) and (8) into (3) and 
(4), respectively. 
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FIGURE 1 


nouncements. Firms choose their individual 
contributions as Nash equilibria. The outlays 
made reflect the public-good nature of the 
benefits to other firms in the industry. The 
value of campaign contributions is a deduc- 
tion from ex post profits given by (9) and 
(10). 16 

When deciding on campaign contribu- 
tions, firms confront the uncertainty of not 
knowing which candidate will be elected. 
‘Firms are risk-neutral and choose campaign 
contributions to maximize expected profits. 
For a domestic firm, expected profits are 


(11) En,=@[1,(to)- L] 


+(1-6)[7,(4,)- L] 
= O;(t9) + (1-9) a(t.) Li, 


where @ and (1— @) are the respective prob- 
abilities of election of the liberal trade-policy 
and protectionist candidates, and fọ and ¢, 
(to <t,) are the candidates’ respective tariff 
pronouncements. The expected profits of a 


 \6Observe the relation here to the portrayals of con- 

testability of rents in the literature (for example, Hill- 
man and Eliakim Katz, 1984; and Hillman and John 
Riley, 1987). The outlays L; made in seeking to in- 
fluence the outcome of the political contest (and thereby 
‘the political allocation of producer rents): are irretriev- 
ably lost. 
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foreign firm, E,*, likewise encompass. the 
two states of the world described- by the 
policy pronouncements of the rival candi- 
dates, and take the same form as (11). 

Campaign contributions determine the 
candidates’ probabilities of electoral success, 
via 


(12) @=L*/(L+L*)=W(L, L*) 
1-6=L/(L+L*) =1-W(L, L*), 


where L and L* are'as defined in (6) total 
contributions by domestic and foreign firms. 

On substituting (12) into (11), it follows 
that domestic firms choose campaign contri- 
butions which satisfy 


L*® 
(LFY | 
x [m (4) m(t9)] -1=0, 


: i=]1,..., 7. 


a3) 2 ETA L 


The condition (13) can’ be expressed as 


* 


L 
14) ———~ Ar =1, 
si (LALY 


i=1,...,n 
where Az, = [1,(t,)— T;(to)] is the difference 
in domestic firms’ profits for the states asso- 
ciated with the rival candidates’ tariff pro- 
nouncements. 

For foreign firms, the expected profit-max- 
imizing choice of campaign contributions 
satisfies a similar condition 


L 
1) Se 
a (L+ L* a 


Combining (14) and (15) yields the rela- 
tionship between equilibrium campaign con- 
tributions 


L Ar, m(t) — (to) 
L* Art m (to)-m* (t) 


VOL. 78 NO.4 


C. Candidates’ Policy Pronouncements 


The rival candidates choose policy posi- 
tions to maximize their respective probabili- 
ties: of. electoral success, as expressed by 
(12).!7 The protectionist candidate accord- 
ingly seeks to maximize L/(L.+ L*). This is 


however equivalent to maximizing L/L*, 


and thus entails adopting a policy position 
which maximizes R(t, t,) as defined in (16). 
Hence, maximization of the protectionist 
candidate’s probability of electoral success 
implies choice of a tariff which maximizes 
An, /Aa;*, the state-contingent difference in 
domestic relative to foreign profits. 

The relation (16) therefore links candi- 
dates’ political motives and firms’ profit- 
maximizing objectives. Each candidate has a 
political interest in maximizing the gains 
which his constituency secures from his an- 


“nounced policy relative to the gains which 
‘his political opponent’s constituency secures 


from the opponent’s policy.’® 
D. Equilibrium Tariff Pronouncements 


A candidate’s choice of tariff pronounce- 
ment evidently affects the profits which 
domestic and foreign firms would secure on 
his election. An increase in the tariff pro- 
posed by the protectionist candidate may 
increase Ar, but at the same time may also 
increase Az,*. One cannot therefore presume 


that the protectionist candidate will neces- © 


sarily announce a prohibitive tariff or that 
his rival will announce a policy of free trade. 


17The candidates for political office are thus Stackel- 
berg leaders with respect to the domestic and foreign 
interests making campaign contributions. 

18Satya Das (1988) derives a condition’ similar to 
(16). Das presents an alternative scenario which recog- 


. nizes the motives of foreigners in seeking to influence 


domestic ‘policy decisions. The model presented by 
Das has elements in common with our formulation. 
However, rather than rival candidates engaged in politi- 
cal competition making political-support maximizing 
trade-policy pronouncements, Das views domestic and 
foreign firms as seeking to influence a single policy- 
maker’s decision, and whereas we compare tariffs and 
voluntary export restraints as alternative instruments of 


trade restriction, Das focuses on the policymaker’s re- 


sponse in choosing to implement an import quota. 
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This is however the equilibrium outcome. 
The result of political competition via tariff 
pronouncements is described by 


PROPOSITION 1: The equilibrium platform 
combination when political-support maximiz- 
ing candidates for political office make policy 
pronouncements ‘in terms of tariffs is char- 
acterized by the protectionist candidate’s an- 
nouncing a prohibitive tariff and the liberal 
trade-policy candidate’s announcing a policy 
of free trade. 


PROOF: | 

Let the candidates’ policy pronounce- 
ments differ. Evaluating Ar, and Ar;* when 
ty < ż4 and substituting into (16) yields 


(17) R(%, he<n f 


2 2[m(1—y)+1]myB +:m?y?(1— 7) (to +4) 
2[n(1—y)+1](n+1)B-(n +1) (1 ~¥7)(to+h) l 


The expression (17) is strictly increasing in 
both ¢): and ¢,. Hence the protectionist 
candidate increases his probability of elec- 
tion by announcing increasingly greater. 
tariffs, up to ¢. Conversely, the liberal trade- 
policy candidate increases his probability of 
election by announcing ever smaller ‘tariffs, 
until free trade. . 

Now suppose that the candidates were to 
announce the same positive nonprohibitive 
tariff T, where as in Figure 1 0 <T <f. (17) 
(which is derived subject to tg <7¢,) then no 
longer defines election probabilities. Since 
identical tariff pronouncements imply equal | 
state-contingent profits (Ar, = Ar,* =0), R 
in (16) is also not defined. However, since 
identical policy pronouncements imply equal 
probabilities of election, 


and R(T,T)=1. The liberal trade-policy 
candidate improves his prospects of electoral 
success by. deviating from T to announce 
free trade if R(O,7T)< R(T,T)=1, which 
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from (18) requires that 


(19) oe (1- y*) (my? +(n +1)’) 


“a 
-r 
= 
= f. 


The . protectionist candidate increases his 
probability of election by deviating from the 
common pronouncement T to announce a 
prohibitive tarif if R(T,t)> R(T, T)=\, 


which from (17) and (19) implies T > f~t= 


f. If f < ż¿, then Î <0 and this latter condition 
iS satisfied for all T € (0, £). If however 7 > 1, 
then (19) is satisfied for all T € (0, £). Hence 
at least one of the candidates can improve 
his election prospects by deviating from the 
common pronouncement 7, which therefore 
cannot be an equilibrium. We have thus 
eliminated a common interior Hotelling-type 
policy platform as an equilibrium; and we 
have demonstrated that when tariff pro- 
nouncements differ, the equilibrium plat- 


form consists of free-trade and prohibitive 


tariff pronouncements. 


Bl(n+1)(nQ- y)4+1)-ym(mQ—y) 41] 


The tariff equilibrium is accordingly polit-. 
ically divisive, and is also maximally con- 
flicting in terms of the state-contingent out- 
comes for foreign and domestic producer- 
interests. A candidate’s policy proposal either 
maximizes domestic profits. by altogether ex- 
cluding imports from the domestic market, 
or serves foreign interest by. poemi ag free 
trade.!? | 


E. Comparative Statics of the 
Tariff Equilibrium 


Which of the two candidates will enjoy the. 
greater likelihood of electoral success,. and 
therefore which policy will have the greater 


Tn equilibrium, one candidate will in general have a 
higher probability of success than the other. The 
candidate with the lower probability of success could 
duplicate the policy of his opponent. Then one equi- 


. librium policy emerges as supported by both candi- 
dates. The characteristic of no-compromise in me tariff 


equilibrium is retained. 
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likelihood of implementation, is determined 
by the exogenous characteristics of market 
structure and substitutability in domestic 
consumption between imports and domestic 
goods. 

- Figure 2 depicts three contours (which are 
necessarily increasing and nonintersecting) 
along which R(0,f)=1 and hence along 
which free trade and protectionist outcomes 
are equally likely.” As the value of the sub- 
stitution parameter y increases, the zone 
wherein the protectionist candidate has the 
greater probability of election expands. The 
greater is y, the more substitutable are 
domestically produced goods for imports,. 
and hence the greater the gain to domestic 
interests from protection relative to free 
trade. Domestic interests accordingly have a 
greater incentive to make campaign contri- 
butions to the protectionist candidate. At the 
same time, foreign interests have less to lose 
from a.denial of access to the domestic 
market, and make smaller campaign contri- 
butions to their candidate. 

Increased competition, whether in terms 
of more competitors in a firm’s own industry 
or abroad, decreases firms’ profits, but ceteris 
paribus profits are decreased more by in- 
creased competitiveness in a firm’s own in- 
dustry, since domestic goods and imports are 
only imperfectly substitutable. As. competi- 
tion increases, profits fall, and the voluntary 
public-good outlays. for campaign contribu- 
tions fall. An increase in the number. of 
domestic firms therefore reduces the benefits 
to domestic firms from a protectionist out- 
come by more than the reduction in benefit 
to foreign firms from a free-trade outcome. 
Hence, in Figure 2, for given y, an increase 
in n holding m constant increases the prob- 
ability of election of the free-trade candi- 
date. 


Ill. Export Restraints 


Now let the candidates for political office 
formulate their policy pronouncements in 


RO, i) = [2ym(m(1 ~ y) + DI/[(n +1)(n0 — y) + 
1+ (y*m m?)/(n +1)* which follows from (17) after ap- 
propriate substitution. - 
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terms of export restraints. We begin by 
establishing the relation between export re- 
straints and firms’ profits. 


À. Domestic Profits 
When foreign firms confront the binding 


export constraint V, the equilibrium output 
of domestic firms is 


7 | ; s T 
WO AS a 
and profits are 

[B- byy] 


(21) , mV) ij 


Let V denote the free-trade quantity of im- 
ports. For export restraints less than V, m (V) 
is a strictly decreasing convex function. 
Hence, as depicted in Figure 3, max 7,(V) = 
(0), confirming that domestic profits are 
maximized by an export restraint which ex- 
cludes competitive imports from the domes- 
tic market. 

The profits of a domestic Ta in (21) 
depend upon domestic market structure (via 
n) but are independent of foreign market 
structure (i.e. m). Export restraints thus 
eliminate the dependence, present under a 
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tariff, of domestic profits on foreign market 
structure. 


B. Foreign Profits 


_ A binding export constraint leads foreign 
firms to decrease their domestic sales from 


the level of free trade to the constrained 


quantity x* =V/m. Profits subject to the 
export restraint are’ 


ee m(n+i)(— 7) 

where 

(23) oat ane _ { B(x) +1-26[n(1- 7) +1)} 
“Si m(n+1)(1- 7°) 


Hence, while domestic profits necessarily fall, 
foreign profits may increase or decrease as 
an export restraint is marginally relaxed. 

The export restraint which maximizes 
foreign profits and which foreign interests 
would therefore seek to have imposed is 
derived from (23) as 


o. f BlaQ-y)+1] . 
0) =mi pT) 


There are two possibilities encompassed in 
(24). If foreigners can only lose from a re- 
striction of exports, V° is given by free-trade 
domestic sales. In that case, the foreign profit 
function in Figure 3 is of the form OHG. 
Alternatively, joint profit maximization by 


foreign: firms may require restricting exports _ 


below the free-trade quantity. V° is then 
given by the first expression in braces in (24) 
and the profit function is of the form OJH. 


C. Voluntariness — 
We shall term an export restraint as 
“voluntary” if a foreigners’ reduction in 


domestic sales increases foreign profits. From 
(23) voluntariness requires 


+1 
(25) SS. 
n(l-y*)+1 


Should this condition hold, foreign and 


V[(a(l-y) +1) B-b(n(Q- 77) +7] 
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domestic firms have a common interest in 
restricting trade. - 

The right-hand side of (25) exceeds unity 
as long as there is substitutability in domes- 
tic consumption between domestic and for- 
eign goods (y> 0).:(25) therefore confirms 
that if the foreign industry were to consist of 
a single firm or were collusively organized as 
a joint profit-maximizing cartel (m=1), an 
export restraint could only be involuntary. 

Increased competitiveness in the foreign 
industry can make an initially involuntary 
export restraint voluntary. The voluntary re- 
straint affects. the domestic market in the 


‘manner of a collusive restriction of sales: a 


more competitive foreign industry secures 
greater benefit from the implicit collusion. 

The right-hand side of (25) is increasing in 
the substitution parameter y: Hence, if, for 
example, as a consequence of upgrading im- 
ports become closer substitutes for domestic 
output, a voluntary restraint can. become 
involuntary. 


D. Candidates’ Export-Restraint 
Pronouncements 


Consider now the behavior of the rival 
candidates for political office. We shall dem- 
onstrate 


PROPOSITION 2: When the candidates 
choose levels of export restraint to maximize 
their. respective probabilities of election, the 
political equilibrium is characterized by the 
announcement of a common PED 


PROOF: 

The proof proceeds along thee same gen- 
eral line as that demonstrating the nature of 
the political equilibrium with tariffs. Let V, 
be the level of restraint announced by the 
protectionist candidate, and let the liberal 
trade-policy candidate announce Vo (where 
Vo => V,)..The candidates’ political objectives 
and firms’ profits are Oar via 


Aq; 
Le i 


where Az, and Az,* are established via (21) 
and (22). Let the candidates’ policy. pro- 
nouncements differ (with V > V1). Then sub- 


(26) 





= R(⁄, V1), 





= g(W*)21 
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stituting from a1) and (22) i into (26) estab- 
lishes that 


(27) Ronn = 
my[by(⁄% +,)-28] 
(+Learn) a-y] 
which is increasing in V, and V,. The liberal 


-~ trade-policy candidate therefore improves his 


election prospects by decreasing Vo and the 
protectionist candidate improves his pros- 
pects by increasing V,. Thus when policy 
pronouncements differ, V) and V, converge. 

Let the policies converge to V*. (27) is 
defined for Vy > Vi. In particular R(V*, V*) 
can therefore not be evaluated using (27). 
However, since, when the same policy is 
announced, candidates have the same prob- 
ability of election, R(V*;V*) =1. l 

The common pronouncement V* is an in- 
terior equilibrium if and only if, for e> 0 
arbitrarily small, 


(28) R(V*+e,¥*) > R(V*,V*) =1, 
(29) R(V*,V*—e) < R(V*,V*) =1. 
If V* prohibits imports (i.e. V*=0) (28) 
alone needs to be satisfied; if y* pers no 


restriction of trade (i.e, V*=V), then (29) 
alone needs to be satisfied. 


Let g(V)= lim R(V + eV) 
== lim R(V, ye 
Then (28) and (29) imply 


(30) s0) 

z ` îmy[B — byV*] 
(n+1)[n(1—y) +1) B -26(n(1-y?) +1)v*] 
=] for0<V*<V 

for V* =0 
gosi for V*=V. 


The function g(V) is depicted in Figure 4.” 


2 9(V) converges to infinity at the regular maximum 


of m*(V) if VO<¥. g(0) = 2my/(n + [a Y)+1] 


> 0; if g(0) <1, then V* is necessarily nonprohibitive. 
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If, as depicted in Figure 4, g0) <1 and 
g-1(1) <V, there exists a unique interior 
solution to (30) given by 


Gl): Pes g=) 
_ B[|(n+1)(a(1-y)+1)-2m7] 
2b|(n+1)(a(1- y?)+1)~ my? 


Alternatively, if g(0) <1 but g`°(1) 27V, 
the solution to (31) is V* = V and the unique - 
equilibrium is free trade. If g(0) 21, the 
unique solution is poor of imports, or 
y*=0. 


E. Political Compromise and 
Economie Gain 


When policy pronouncements are made in 
terms of export restraints, candidates thus 
announce a common policy. But to whose 
advantage? Clearly, if political competition 
results in a policy pronouncement prohibit- 
ing imports, the outcome is to the exclusive 
advantage of domestic import-competing in- 
terests. Or, if the political equilibrium. entails 
free trade, and if at the same time foreigners 


_ can only lose from a curtailment of their 


domestic sales, the outcome is to the exclu- 
sive advantage of foreign interests. In these 
latter instances, the economic division of 
gains and losses from pronounced export- 
restraint policies is no different. from that 
under tariffs. The export-restraint equi- 
librium is politically conciliatory in that both 
candidates announce the.same policy, but 
still as with the tariff the equilibrium is divi- 
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FIGURE 5 


sive in offering no compromise between for- 
eign and domestic economic interests. 
The distinguishing characteristic of ex- 


port-restraint equilibria is however that 


political competition is consistent with inter- 
ior solutions. Such solutions may or may not 
benefit foreign interests. Whether foreign in- 
terests can gain is determined by whether 
condition (25) holds. 

Suppose that (25) is satisfied. So export 
restraints can benefit foreigners. For any level 
of restraint announced by the protectionist 
candidate, let the liberal trade-policy candi- 
date announce as his policy the foreign col- 
lusive profit-maximizing level of restraint V°. 
However, 


(d7,*/dV ) [po = and (d7,/AV )| yo x 0. 


Hence this latter candidate, in ‘seeking ‘to 
minimize R = Az,/Aq,*, can gain by mar- 
ginally decreasing his pronouncement below 
V°, The liberal trade-policy candidate has 
thus an incentive to deviate from the foreign 


| joint profit-maximizing level of export re- 


straint to propose a more restrictive trade 


policy than sought by foreign interests. The 
protectionist candidate similarly has an in- 
centive to deviate from a policy pronounce- 
ment of prohibition of imports, to announce 
a policy allowing some imports, which is 
then inconsistent with maximizing domestic 
firms’ profits. The candidates’ policy pro- 
nouncements converge in. the manner we 
have described. The political equilibrium is a 
compromise between the outcomes sought 
by foreign and domestic interests, but also 
provides mutual gain! to both sets of pro- 
ducer interests. 

The compromise character of an export- 
restraint equilibrium is likewise reflected in 
an interior equilibrium: where mutual gain is 
absent. Although foreigners lose, they lose 
less than they would were the equilibrium 
policy exclusively to accommodate domestic 
interests. 


F. Comparative Statics 
Comparative static properties of export- 


restraint equilibria are described in Figure 5. 
In region 1 g(0) = 2my/(n+1)(n(1= y)+1) - 
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>1 and the political equilibrium yields an 
export restraint which is: prohibitive. In re- 
gions 2 and 3, g(0) <1 and the equilibrium 
policy allows imports. For a given number of 
domestic firms, the outcome: is free trade 


(region 3) if the foreign industry is suffi-. 


ciently concentrated. In region 2 characteriz- 
ing interior equilibria, the equilibrium export 
restraint is more stringent the more competi- 
tive is the foreign export industry, since from. 
(31) dV*/dm <0. Also, since dV*/dn > 0, 
the equilibrium export restraint is conversely 
less stringent, the more competitive is the 
domestic industry. 

The boundaries in Figure 5 are deter- 


mined by substitutability between domestic — 


goods and imports in domestic consumption. 
As y decreases, regions 1 and 3 diminish and 
region 2 which is consistent with interior 


solutions correspondingly expands. Region 1 . 


diminishes because with decreased substitu- 
tability between imports and domestic goods 
a restriction on imports is of less value to 
domestic firms. In the limit as y —> 0, domes- 
tic. firms have no interest in restraining im- 
ports, and hence region 1 disappears. The 
foreign interest in influencing trade .policy 
however remains. Indeed, as y falls, the for- 
eign gain from domestic market. access in- 
creases. Foreigners seek the imposition of 
the collusive foreign profit-maximizing ex- 
port restraint, which whatever the values of 
n and m does not entail free trade. Hence, in 
the limit as. y > 0, region 3 also disappears. 


IV. Political Choice of Instrument 


The choice between an export restraint 


and a tariff as the means of protection is al- 
so a choice between assigning rents to for- 
eigners and revenue to government. Our 
specification of political optimization sup- 
poses that individual candidates for political 
office do not themselves value the revenue 
derived from any tariff which they might 
propose. The Treasury has rights to tariff 
revenue. Candidates for political office can 
only benefit from tariff revenue via dis- 
cretion in budgetary allocation—contingent 
on election—and then such discretion via 
budgetary allocations is exercised only over 
some small share of the revenue from any 
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particular tariff. However, while the candi- 
dates have very limited scope for allocation . 
of tariff revenue, their announced export- 
restraint policies directly influence the trans- 
fer of foreigners and the allocation of rents 
between domestic and foreign interests. The 
rent creation and rent allocation is reflected 
in campaign contributions received. 

Because of the rent transfer, a candidate 
seeking support from foreign interests evi- 
dently has reason to prefer. an export re- 
straint to a tariff as the instrument for for- 
mulating his policy proposal. However, need 
the same be true for the protectionist 
candidate seeking support from domestic 
import-competing interests? Since it is the 
difference between rents secured by domestic 
and foreign interests in different policy regi- 
mes which determines campaign contribu- 
tions and hence probabilities of election, one 
might propose that the protectionist candi- 
date also prefers, given the option, to for- 
mulate his policy proposal in terms of an - 
export restraint rather than a tariff. This IS 
confirmed by 


PROPOSITION 3: When candidates: have the 

choice of making policy pronouncements in’' 
terms of export restraints or tariffs, .both 
candidates choose export restraints. The politi- 
cal equilibrium in the presence of a tariff 
option is that obtained when only export re- 
straints. are feasible. 


PROOF: 

Combinations of tariffs and export re- 
straints among which domestic firms are in- 
different follow from equating profits m(t) 
ai m.(V )-as given by: oi and a, to obtain 


B Wei 
(32) TE 





x {[m(1—y) +1] B+ (1-72) ymr}. 


The.linear function (32) is depicted as GH in 

Figure 6. The point G represents free trade, 
with either V = V or t= 0; at H, there are no 
competitive imports and either V ='0 or t = t. 
In zone 1, 7,(t) > 7,(V) and domestic firms 


thus support a candidate announcing a tariff; 
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FIGURE 6 


in zones 2 and 3 m(t) <2,(V), so domestic - 


firms support a candidate announcing an 
export restraint. 
JH is the corresponding policy indif- 


ference locus for foreign firms, when export. 


restraints can increase foreign profits.: (If 
foreign profits cannot be increased by an 


. export restraint, J coincides with G; other- 


wise J lies below G, since some restraint 
below V (at G) is beneficial for foreign firms.) 
To establish JH, use (10) and (22) to equate 
m;* (t) and 7,*(V), which yields the convex 
relation depicted. In zones 1 and 2, 7,*(t) < 
a,*(V) and hence foreign firms support the 
candidate announcing an export restraint. In 
zone 3 m;* (t) > 7;*(V), so foreign firms sup- 
port the candidate announcing a tariff. 

In zone 2 the candidate announcing a 
tariff thus is supported by neither foreign 
nor domestic interests. In zone 1 foreign 
interests support the candidate proposing an 
export restraint and domestic interests the 
candidates proposing a tariff. However, the 
export-restraint candidate can secure the 
support of domestic interests by announcing 
a policy which moves him into zone 2. In 
zone 3 foreign interests support the tariff 
candidate and domestic interests the export- 
restraint candidate, but similarly the latter 
candidate can amend his policy so as to 
move into zone 2, thereby also securing sup- 
port from foreign interests. 

Policy combinations in zones 1 and 3 
therefore are inconsistent with political equi- 
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librium, and in zone 2 only the candidate 
announcing an export restraint has political . 
support. Hence there exists no equilibrium 
characterized by a candidate’s announcing a 
policy in terms of a tariff t€ (0, ft) when 
export restraints are available policy instru- 


‘ments. - 


Moreover, since t = 0 corresponds to V=V 
and t=7 to V=0, tariffs are completely 
dominated by export restraints as policy in- 
struments. In particular, this means that tariff 
equilibria which are not of the form (tp) = 
0, t,= 7) are not sustainable in the presence 
of the opportunity to use an export restraint. 

. It remains to demonstrate that an export- 
restraint equilibrium is unaffected by the 
option to use a tariff. To show this, begin 
with an equilibrium (V*,V*) and let one 
candidate deviate by. announcing a tariff r’ 
which attracts the support of domestic inter- 
ests: so m(t) > 7,(V*). Proceed by introduc- ` 


' ing an export restraint V’ such that domes- 


tic firms are indifferent between V’ and 1’, 
that is, 7.(V’) = m(t). It can then be shown 
that R(V*, t9 < R(V*,V’). However, since 
(V*,V*) is an equilibrium, R(V*,V’) < ` 
R(¥*, V5). Hence R(V*, t’) < R(V*, V*), 
which proves that the deviating candidate 
cannot benefit. A candidate who deviates 
from (V*,V*) by announcing a tariff that 
attracts the support of foreign interests can- 
not benefit for similar reasons. . 


An important determinant of the result 
that export restraints drive out tariffs in the © 
domestic political contest is the nonap- 
propriability of tariff revenue by the political 
candidates. The candidates also cannot di- 
rectly secure the rents associated with the 
restriction of trade via export restraints. 
However, these latter: rents are a prize for 
foreigners and accordingly bear upon the 
value of campaign contributions received by 
the candidates. Thus, indirectly, the rents 
from restriction of trade under export re- 
straints become part of campaign contribu- 
tions and hence are of significance in- the 
political contest. Tariff revenue has no corre. 
sponding political significance. 

Campaign contributions made in the di- 
vergent tariff equilibrium will be greater than 
in the compromise export-restraint’ equi- 
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librium. Indeed; since the export-restraint 


- pronouncements converge in a Hotelling 


manner, there is nothing in equilibrium to 
distinguish the candidates. Strictly positive 
political outlays would however be made if 
the candidates kept part of the contributions 
for themselves, since then candidates can 
have an incentive not to converge completely 
in their policy pronouncements. A candi- 


date’s objective function would in that case — 


encompass more than the probability of 
election. Introducing such a qualified objec- 
tive function for political candidates does 
not change the comparative forms taken by 
the tariff and export-restraint equilibria. 
Tariff pronouncements still diverge and ex- 
port-restraint pronouncements converge, but 
the latter convergence is less than complete. 


V. Concluding Remarks 


In prior analyses of the relation between 
political-influence motives and protection, a 
cohesive . industry coalition has been set 
against a diffuse coalition of domestic losers 
from protection. Recognition of the domes- 
tic political-influence role of foreigners intro- 
duces another cohesive coalition to counter 
the domestic industry-specific interests seek- 
ing protection, and the tariff then becomes 
too divisive an instrument to be politically 
appealing. Our model of protectionist pro- 
posals as the equilibrium outcome of politi- 
cal competition has shown how tariffs 


. are inconsistent with but export restraints 


^ 


facilitate .the types of distributive compro- 
mises and opportunities for mutual collusive 
gain favored in poutigal outcomes. Two 
questions remain. 

First, if, as our model proposes, voluntary 
export restraints are the equilibrium out- 
come of. political contestability of trade 
policy when tariffs can be used, why have 
export. restraints become prominent only in 
recent years? We. suggest that a political 
analogue to internátional integration of 
goods and financial. markets has facilitated 
increased participation by foreign interests 
in domestic politics: Also, while there are 
certain legal complexities attendant on for- 
eigners making domestic political outlays, 
campaign contributions are facilitated by the 
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domestic legal entities which are subsidiaries 
of or have interests coincident with foreign 
corporations: Beyond these considerations, 
our model also suggests a role for changes in 
market structure. A more competitive for- 
eign export industry has ceteris paribus more 
to gain from securing regulation of sales 
in its foreign: markets. And a less. competi- 
tive domestic import-competing industry has 
more to gain from supporting the restraint 
on domestic sales of its principal foreign 
competitors. 

The second question is, given the prospect 
of collusive gain, why should foreign inter- 


ests participate in the domestic political pro- 


cess rather than use their own home political 
process to secure a regulated restriction of 
exports? We would propose that such a col- 
lusive restriction of trade invites retaliation 


in export markets. The foreign cartel would 


be exposed as engaging in an unfair trade 
practice, in defiance of national trade laws 
and the General Agreement on Tariffs and 
Trade. However, this can clearly not be so 
when the export restraint is the outcome of 
the political process in the importing coun- 
try which itself requests foreign exporters to 
cooperate in coordinating the restraint of 
trade. 
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Assisting Domestic Industries under International Oligopoly: 
The Relevance of the Nature of Competition to Optimal Policies © 


By LEONARD K. CHENG* 


Optimal trade and industrial policies are derived for a home market that is 
supplied by a domestic firm and a foreign firm. The optimal policy combination 
can be quite sensitive to the nature of the duopoly’s competition. For example, for 
some cost and demand structures, the optimal policy under Cournot competition 
consists of a domestic production tax and a tariff, bui that under Bertrand 
competition consists of a production subsidy and free trade. 


Until rather recently, economic analysis of 
international trade has been based almost 
exclusively on the assumption of perfectly 
competitive markets and occasionally on the 
opposite assumption of monopolies. Recog- 
nizing that markets often are neither per- 
fectly competitive nor completely monop- 
olized, trade theorists began several years 
ago to explore the implications of imperfect 
competition. Markets were modeled as inter- 
national oligopolies comprised of firms with 
different nationalities,! and the following 
normative questions were frequently raised: 
(a) Does imperfect competition call for 
government intervention? and (b) What 
policies are optimal under imperfect compe- 
tition? pox 

While the existing work has provided many 
theoretical examples why the traditional 
analysis based on perfect competition may 
be misleading when markets are indeed im- 
perfectly competitive, it has not come up 
with a general alternative to the traditional 


*Department of Economics, University of Florida, 
Gainesville, FL 32611. I am grateful to an anonymous 
referee for invaluable comments and particularly for the 
suggestion to imbed my earlier analysis in a gene- 
ral conjectural variations model. I am also indebted 
to Avinash Dixit, Gene Grossman, Gary Hufbaùer, 
Richard Jensen, Richard Nelson, and Marie Thursby 
for their comments on earlier versions of this and 
related papers. Finally, support provided by the Center 
for International Economics and Business Studies at the 
University of Florida is greatly appreciated. 

*For a recent survey and a systematic analysis of 
‘international oligopoly, see Avinash Dixit, 1984. 
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analysis. To a certain extent, this is to be 
expected because while there is an almost 
universally accepted’ notion of competitive 
equilibrium, there are at least several com- 
peting theories of oligopoly. It thus seems 
useful in the context of trade policy analysis 
to move in the direction of providing a gen- 
eral framework which includes widely 
accepted notions of oligopoly equilibrium as 
special cases. 

From a normative point of view, it would 
be interesting to determine how optimal 
policies change with the nature of oligopolis- 
tic competition. If the differences between 
optimal policies for an oligopoly and those 
under perfect competition depend qualita- 
tively on the details of firm behavior, then as 
far.as policy analysis is concerned there does 
not exist a general alternative to the compet- 
itive analysis. That would indicate the im- 
portance of and a need for industry case 
studies which attempt to identify how firms 
in imperfectly competitive markets actually 
behave and interact in the real world. If 
instead the differences are qualitatively in- 
variant to the exact details of the firms’ 
interaction, then in a sense there is a general 
alternative to the traditional analysis. Even 
in this case, however, it would be interesting 
to determine how the magnitude of optimal 
policies varies with the nature of compe- 
tition. | 

The paper by Jonathan Eaton and Gene 
Grossman, 1986, represents the first such 
systematic analysis for an export market. 
Depending on the nature of competition, 
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they showed that the optimal policy could be 
- an export tax, an export subsidy, or neither. 
When cost-reducing R&D is feasible, we can 
use similar arguments to show that the opti- 
mal policy varies from an export tax plus an 
R&D subsidy, to an export subsidy plus an 
R&D tax, to laissez-faire (i.e., free trade plus 
no R&D ‘intervention).* Thus, for export 
markets at least, a general alternative to the 
competitive analysis does not exist because 
the optimal policies are qualitatively sensi- 
tive to the behavior of firms. 


This paper, complementary to that of . 


Eaton and Grossman, 1986, investigates how 
optimal policies toward domestic markets 
are affected by the nature of oligopolistic 
competition and the structure of demand. 
General results have been obtained for a 
wide range of oligopolistic behavior, but 
since Bertrand (price-setting) and Cournot 
(quantity-setting) competition are most wide- 
ly studied in oligopoly theory and can be 
regarded as reasonable. bounds on oligopolis- 
tic competition in the real world, we shall 
concentrate on these two forms of competi- 
tion. 

We start out with the case of differentiated 
products with linear demand functions. For 
any fixed degree of product differentiation, if 
the production costs of the domestic and 
foreign firms are not too different, then both 
domestic output and imports aré desirable. 
An optimal policy would consist of a tariff 
and a domestic production subsidy. The pro- 
_ duction subsidy is used to remove domestic 
consumption distortion arising from the 


home firm’s noncompetitive behavior, and ` 


the tariff is used to improve the home coun- 
try’s terms of trade. It turns out that: the 
magnitude of optimal policies is smaller 
under Bertrand competition than under 
Cournot competition.. The intuition is that 
firms are more competitive under the former 
so that there is less room for intervention. 
If the firms’ production costs are suffi- 
ciently different, then a corner solution will 
arise. We focus on the case where the foreign 
firm enjoys a large enough cost advantage so 


*See Leonard Cheng, 1987. 
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that the optimal level of domestic output is 
zero. As in the case of an interior solution, a 
tariff is used to improve the country’s terms 
of trade, but now a production subsidy, by 
making the inactive home firm a credible 
threat to the foreign firm, also operates on 
the terms of trade indirectly. The tariff is 
still higher under Cournot competition, but 
the production subsidy is larger. under 
Bertrand competition. The intuition is that.a 
production subsidy is more efficient in im- 
proving the terms of trade under Bertrand 
competition, and as a result the role played 
by a tariff in that regard is diminished.. 

The degree of product differentiation has 
an important impact on the optimal policies. 
Under Bertrand competition, the tariff de- 
clines continuously as the substitutability be- 


_ tween imports and domestic goods (call it k) 


increases; it approaches zero as the goods 
approach perfect substitutes. As k increases, 
the production subsidy declines to zero when 
the corner solution is first reached, but then 
rises again with further increases in k. The 
explanation is that when the goods become 
better substitutes, the production subsidy 
becomes more effective in improving the 
terms of trade, thus reducing the need for a 
tariff even though only imports are con- 
sumed. 

The response of optimal policies to in- 
creases in k is quite different under Cournot 
competition. The tariff declines initially but 
then rises again, reaching the level which 
corresponds to zero substitutability when k 
is large enough to yield the corner solution! 
The behavior of the production subsidy is 
similar to that under Bertrand competition 
before the corner solution is first reached. 
After that it is no longer unique. It may be 
positive and rising with k, but it can as well 
be zero or negative. The fact that the foreign 
firm is not restrained at all by the home firm 
under Cournot competition when the latter 
does not produce explains why the tariff 
rises back up as domestic output declines to 
zero. , 
Finally, we relax the assumption of lin- 
ear demand but assume that imports and 
domestic goods are perfect substitutes, which 
implies that the optimal solution is neces- 
sarily corner under Bertrand competition. If 
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domestic production costs exceed foreign 
production costs, then the optimal policy 
under Bertrand competition consists of free 
trade and a positive production subsidy, irre- 
spective of the shape of the demand curve. 

Nonlinear demand implies that a produc- 
tion subsidy can be used to improve the 
terms of trade when the optimal solution 
under Cournot competition is interior, some- 
thing that could not happen with linear de- 
mand. In addition, depending on the curva- 
ture of the. demand curve, one of the policy 
instruments may be negative. For example, 
if the demand curve is sufficiently concave 
and if the cost advantage of the foreign firm 
is sufficiently large so that the amount’ of 
domestic output is small, the optimal policy 
under Cournot competition consists of a 
tariff and a production tax. This is in sharp 
contrast to the optimal policy under Bertrand 
competition. 

Section J briefly reviews the literature and 
Section II develops a general conjectural 
variations model. Optimal policies are de- 
rived for the case of differentiated products 
‘with linear demand functions in Section II 
and for the-case of homogeneous goods with 
a general demand function in Section IV. 
Section V offers a brief summary and some 
concluding remarks. For completeness, the 
case of differentiated products with general 
demand functions is contained in the Ap- 
pendix. 


I. A Brief Review of the Literature _ 


Eaton and Grossman, 1986, have pointed 
out that optimal policies toward export 
markets are sensitive to the nature of oligop- 
olistic competition.** It has been shown by 


*In the literature, export markets are often analyzed 
under the assumption that they are independent of 
domestic markets or even more strongly that there is no 
domestic consumption. 

*Related work was done by Kala Krishna, who 
studied the effect of different forms of trade policies on 
oligopolistic competition. Tariffs and quotas were com- 
pared in Krishna, 1985, while physical and value-added 
content protection was the focus of Krishna and 
Motoshige Itch, 1988. In neither paper, however, were 
optimal policies derived. 
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them and others that an export subsidy is 
likely to be indicated under Cournot compe- 
tition if the number of exporting firms is 
small.” In contrast, an export tax is likely to 
be optimal under Bertrand competition.® In 
both cases, if firms have consistent conjec- 
tures in equilidrium (i.e., a firm’s conjectural 
variations about other. firms are equal to 
those firms’ optimal response to the firm’s 
action),’ then neither an export. tax nor an 
export subsidy is called for when there is one 
domestic exporter, but an export tax is opti- 


. mal if there are two or more domestic ex- 


porters. ` 

In the three-stage game et industrial 
strategy pioneered: by Spencer and Brander, 
1983, the governments of the domestic and 
foreign exporters (assumed to be one in each 
country) set RaD and trade policies before 
the firms incur R&D expenditure (to lower 
their respective production costs) and set 
their respective output levels. Assuming that 
the market equilibrium was Cournot, they 
showed that the optimal policy of each 
government consisted of an R&D tax plus 
an export subsidy. Using a parallel argu- 
ment, however, one can show that if the 
market equilibrium is Bertrand, then the op- 
timal policy of each government would con- 
sist of an R&D subsidy plus an export tax.® 
Furthermore, if the firms have consistent 
conjectures, then laissez-faire (i.e., free trade 
plus no R&D intervention) is optimal.’ 


P 


*See also James Brander and Barbara Speni 1985; 
and Dixit, 1984. 

‘See also Cheng, 1984. 

’The notion of consistent conjectures equilibrium 
was discussed in Timothy Bresnahan, 1981, and Martin 
Perry, 1982, among others. It was motivated mainly by 
the hope that consistency requirements would lead to a 
unified theory of oligopoly by ruling out equilibria that 
are inconsistent. Unfortunately, the hope was not real- 
ized. Marcel Boyer and Michel Moreaux, 1983, demon- 
strated that, with appropriate conjectural functions, any 
sustainable output combination can be obtained as a 
locally consistent conjectures equilibrium. Partly as a 
result of their demonstration, and partly- due to the 
argument that conjectures are not meaningful in a static 
game, the notion ož consistent conjectures equilibrium 
is quite unpopular among game theorists. 

gee Cheng, 1987. 

*See Cheng in the work cited. 
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Unlike the case of export markets, less 
clear-cut results have been obtained about 
“optimal policies toward domestic markets. A 
major reason is that different researchers 
have looked at different policy instruments. 
For instance, Brander and Spencer, 1984, 
focused on a tariff (or import subsidy) and 
Eaton and Grossman, 1986, focused on a 
production subsidy (or tax), whereas Cheng, 
1984, and Dixit, 1984, 1988, considered both 


a tariff (or import subsidy) and a domestic © 


production subsidy (or tax). 

Assuming that firms produce a homoge- 
neous product and the market equilibrium is 
Cournot, Brander and Spencer, 1984, showed 
- that a tariff was desirable if it did not worsen 
the home country’s terms of trade too much 
relative to the domestic firms’ increase in 
market share.‘° Within a similar framework, 
Dixit, 1984, showed that if a country had a 
cost advantage over imports, the optimal 
policies would be a prohibitive tariff plus a 
domestic subsidy.'! On the other hand, if the 
home firms had a cost disadvantage which 
was not too great; then both imports and 
domestic production would be desirable. In 
that case, a tariff would be optimal if de- 
mand was linear. 

In contrast with Brander and Spencer, 
1984; and Dixit, 1988, Eaton and Grossman, 
1986, assumed that a homogeneous good 
was sold at the same price in domestic and 
foreign markets due to perfect arbitrage 
‘and that the market equilibrium was given 
by a consistent conjectures equilibrium in 
which quantity is the strategy variable. They 
showed that a domestic production subsidy 
=- Was optimal if the foreign firms’ marginal 
cost was rising. However, if the firms’ margi- 
nal costs were constant, then neither a pro- 


10 They assumed that there were no export markets 


and the domestic market was served by a foreign firm © 


and a domestic firm. 

‘Dixit assumed that the domestic market was inde- 
pendent of export markets but allowed for many 
domestic-and foreign firms. After this paper was com- 
pleted, I learned of a related paper by K. C: Fung, 1987, 
who studied five alternative policies (namely, tariffs, 
production subsidies, consumption taxes, countervailing 
duties, and antidumping duties) in a differentiated 
duopoly with linear demand and Cournot conjectures. 
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duction tax nor a production subsidy would 
be optimal.'? - 

Unfortunately, because different policies 
or policy combinations were considered in 
the above-mentioned studies, it 1s difficult to 
see from these results whether and how opti- 
mal policies depend on the nature of oligop- 
olistic competition. To address the question 
directly, one must consider the same set of 
policies under different forms of competi- 
tion. That will be the task of the next three 
sections. 


H. The Model 


I shall construct a general conjectural vari- 
ations model of a duopoly consisting of a 
domestic firm and a foreign firm. In this 
paper, conjectural variations are used to rep- 
resent different forms of oligopolistic compe- 
tition resulting from the adoption of differ- 
ent strategies, such as Bertrand and Cournot 
competition, rather than to imply that firms 
actually attempt to anticipate how their rivals 
would react to their own quantities of 
supply.! To highlight optimal policies in the 
presence of domestic consumption, I assume 
that the domestic firm does not export at all. 
Finally, as in Dixit, 1984, 1988, and Cheng, 
1984, I consider the joint use of a tariff (or 
import subsidy) and a domestic production 
subsidy (or tax). 

Consider two firms, one domestic and one 
foreign, producing two substitutes for a home 
market. Following Dixit, 1984, and Eaton 
and Grossman, 1986, I adopt the convention 
that lowercase letters denote variables asso- 
ciated with the domestic firm and uppercase 
letters denote variables associated with the 
foreign firm. Demand is assumed to be gen- 
erated by a representative consumer whose 
utility function is both separable and linear 
in a numeraire good. Let V be the consumer’s 
surplus from the consumption of the goods. 


12When the firms’ marginal costs are constant and 
equal, the consistent conjectures equilibrium becomes a 
Bertrand or competitive equilibrium, that is, price is 
equal to marginal costs. 
See fn. 7. 
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By definition, . 


(1) F(p, P)= mar U(q,Q)— pq- PQ, 


where g[p] is the quantity (pricé) of the 
good produced by the home firm, Q[P] is 
the quantity (price) of the good produced by 
the foreign firm, and U is measured in terms 
of the numeraire. 

The inverse demand functions are given 
by 


(2) p= p(q,Q), 

(3) P= P(q,Q), 

where p= 0U/dq and P = 3U/3Q. As the 
goods are substitutes, the inverse demand 
functions satisfy the following conditions 
(4) PiSP2.<9; Phos P, <0, 

where PAP; is the derivative of p[P] with 


respect to its ith argument, i =1,2. Because 
0°U/dgdO = 0°U/800q, p= P.. If the 


. goods are homogeneous, then p=P and 


Py > P2: 
Let ¢ denote a specific tariff on imports (f 


becomes: a subsidy if. it is negative), and s 


‘denote a unit subsidy for the home firm’s 


output (s becomes a tax if it is negative). 
National welfare in the domestic market is 
equal to the sum of (a) the consumer’s sur- 
plus, (b) the home firm’s profits, and (c) the 
tariff revenues, less (d) production subsidies, 
that is, 


(5) W=(U(q,Q)-pq- PQ) 
+(p-—ct+s)q+tQ—sq 
=U(q,Q)—cq—(P~1)9, 


= where c is the home firm’s constant marginal 


costs, and q and Q are determined by a 


Nash equilibrium of the following conjec- 


For an analysis of inter-market ‘linkages under 
oligopoly due to nonconstant marginal costs, see Jeremy 
Bulow, John Geanakoplos, and Paul Klemperer; 1985; 
and Paul Krugman, 1984. a 
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sisal variations model: 

(6) p(q, Q)+ Pit Poy)-c+s <0, 

(7) P(q,Q)+O(P,+PT)-C—ts0, 
where C is the foreign firm’s constant margi- 


nal costs, and y=dQ/dq and T = dq/dỌ . 
are the domestic and foreign firms’ conjec- 


- tural variations, respectively. The strict in- 


equality in (6) ((7)) may hold only if g[Q] is 
equal to zero. 

By definition, y= T=0 under Cournot 
competition. In contrast, y= — P,/P, and 
T = — p,/p,.under Bertrand competition.” 
Since our purpose is to examine the depen- 
dence of optimal policies on the nature of 
oligopolistic competition, we would like to 
treat y and Į as parameters that can be 
varied exogenously. This implies that, for 
the. conjectural variations model. to retain 
Bertrand competition as a special case, the 
demand functions must be such that both © 
P,/P, and p,/p, are independent of q and 
Q, or equivalently q and Q must enter the 
functions as a weighted sum.!° In the main 
body of this paper, I shall deal with two 
special cases which possess this property, 
namely, the case of differentiated products 
with linear demand functions and the case of 
homogeneous goods with a general demand 
function. . 

The welfare effect of an infinitesimally z 
small change in the Nash equilibrium i is given 
by.the total differential of (5), = 


(8) dW = Í p —c)dq+ tdQ-Qd(P-t), 


where dq, dQ, and d{P — t) represent infini- 
tesimal changes brought about by an infini- 
tesimal change in parameters. The first term 


j Under Bertrand competition, the home firm re- 
gards P as given. Since dP = P,dg + P dQ- by defini- — 
tion, it follows from dP = 0 that y = dQ /dq = — P, / P2. 
Similarly, T = ~ p, /p; because the foreign fitm regards 
p as given. 

16 This tolonga as a special case sol Jànos Aczéľs 1985 
theorem. 
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captures the domestic consumption distor- 
tion effect: an increase in g (other things 
held constant) increases welfare if p > c. The 
second term captures the import consump- 
tion distortion effect:'? an increase in Q 
(other things held constant) increases welfare 
if t > 0, because while consumers pay P for 
each unit of imports the net cost is only 
(P—t). The last term captures the terms- 
of-trade effect. These welfare components 
will be useful in explaining our subsequent 
results. 

Unless stated to the contrary, I assume 


henceforth that (6) and (7) hold with equality. 


so that there is an effective duopoly at the 
optimal solution. As long as [p+ q(p,+ 
Poy)| and [P + OCP, + PT) are not linearly 
dependent, g and Q. are determined uniquely 
by s and t. Substituting (7) into (5), national 
welfare can be written as 


(9) W=U(4,0)—cg 
~[C-O(P,+PIT)]O 


where [C — O( P; + P,T)] is the unit price of 
imports net of the tariff, that is, (P — t). 

The home government’s problem is to 
choose s and. t, which maximize (5) subject 
to (6) and (7). But, as Dixit, 1984, 1988, has 
amply demonstrated, it is analytically more 
fruitful to maximize (9) with respect to qg 
and Q. The analysis to be presented in the 
next two sections is structurally very similar 
to that of Dixit, 1988, but there are im- 
portant differences." 


This was interpreted -a as the volume-of-trade effect 
in Dixit, 1988. 

8 Both papers examine the comparative static re- 
sponse of optimal tariffs and subsidies to :the conject- 
ural variation parameter, but they are different in a 
number of aspects. First, our results are interpreted as 
the relevance of the nature of competition to optimal 
policies, whereas Dixit’s were interpreted as anti-dump- 
ing duties and countervailing subsidies. Second, this 
paper focuses on a duopoly while Dixit allows for a 
large number of identical firms in each country. Third, 
we give special attention to corner solutions and the 
cases of Cournot and Bertrand competition. Fourth, 
optimal policies at corner colutions obtained here for 
the case of homogeneous goods are markedly different 
from those of Dixit’s (see fn. 21 below). 
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IH. Differentiated Products with Linear 
Demand Functions 


Let the inverse demand Faedo be given 
by- 


(10) p=a-—bq—kQ, 
(11) P = A — kq — BQ, 


where all the parameters are positive and 
bB —k?>0. I assume that both (b+ ky) 
and (B + kT) are nonnegative. This assump- 
tion is hardly restrictive at all because 
the admissible values of y and F include 
as special cases perfect competition (y= 
—b/k, T= — B/k), Bertrand competition 
(y=—k/B,T =— k/b), Cournot competi- 
tion (y =T = 0), and perfect collusion (y = 
Q”/q”,T =1/y, where g” and Q” maxi- 
mize the firms’ joint profits). 
Using (7) and (11) in (8), we have 


(12) dW= (p- c) dq 


+[t-Q(B+kT)]d 


Thus, if it is optimal to consume domestic 
goods, then p=c and (from (6) and (10)) 
s* = g(b + ky), which is strictly positive un- 
less the home firm is perfectly competitive. 
The optimal subsidy is used solely to remove 


‘the domestic consumption distortion arising 


from the home firm’s noncompetitive behav- 
ior. It will be shown in later sections that s* 
also plays a role in affecting the terms of 
trade if demand is nonlinear or if domestic 
output is zero and I is negative. 

If it is optimal to have imports, then the 


_ optimal tariff ż* is equal to Q(B + kT). It is 


strictly positive unless the foreign firm is 
perfectly competitive. The optimal tariff is 
used to restrict imports until the marginal 
benefit from an improvement in the country’s 
terms of trade is just offset by the marginal 
cost of import consumption distortion. 


A. Domestic Goods and Imports Are 
Both Desirable 


Combining (6) and (7) with (10) and (11), 
one can solve explicitly for the quantities 
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and prices (see Dixit’s,.1988, equations (15) 
and (16) or Cheng, 1987, for details). Sub- 
stituting these quantities into s* and f*, one 
can express:the optimal. policies explicitly in 
terms of the firms’ conjectural variations and 
other parameters. For future references, 
the optimal policies under Bertrand and 
Cournot competition (denoted by subscripts 
B and C, respectively) are as follows when 
both q and Q are positive: 


1 


(13) p= app B(A- C)- KB(a-6)] 
a ee 1 ; 

(14) a= =p [GbB- —2K \(a—e) 
— bk(A~C)], 

(15) (2 = pp psy oA CY. 
~k(a—c)],° 

oe bo : 

(16) aoe (bb k?) pala): 

~k(A-C)]. 


It is straightforward to show that të >t 


and së > sğ. Indeed, one can obtain a more 
general result by taking the derivatives of s* 
and f* with respect to y. and T. 


a*t 
(17) a gaan, 
~ dt* 
E a 
` dg* e 
(19) = 2k?(b + ky) O/A"2 0 
ds* | 
(20) Gy ka: 
where A” = [(3B + 2kE)b = k’]zAs bB 
—k?>0. | 
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Recalling that an increase in competitive- 
ness on the part of the firms is‘ reflected by a 
decrease in y and T, we conclude from equa- 
tions (17)-(20) that the magnitude of ¢* and 
s* declines as the firms become more com-’ 
petitive. This can be explained by the fact 
that there are fewer distortions to offset if . 
the firms are more competitive. | 

Taking derivatives of g and Q with re- 
spect to y and I’. and making use of 
(17)-(20), one can show that dg/dy= 
d0/dy=0, 90/eT <0, and @qg/0T>0. 
The first two results can be explained by the 


‘fact that the home firm’s noncompetitive be- 


havior (as reflected by y) is completely offset 
with an optimal ‘subsidy (recall the discus- 
sion. immediately - below (12)), so’ that the 
social costs of home goods-are independent 
of ‘y: In contrast,: the social unit cost of 
imports, [C +Q{B+kT)l, depends on:T.-It 
is intuitive that when the foreign firm is 
more competitive (ie., I falls), imports are 
more affordable and thus more of them 
should be consumed. Since domestic goods 
and imports are substitutes, any increase in 
imports implies less domestic output. 

It is perhaps- useful to point out that if 
demand is symmetric (1.e., a= A, b = B) and 
the firms have identical production costs (i.e., 
c=C) and behave identically (Le; y =P) 
then q >Q. This is a reflection of the fact 
that the social- unit cost of home goods is’ ¢ 


but that of imports exceeds C.'Thus, there is ` 


a bias in favor of domestic goods. 
B. Corner Solutions ` ` 


The case of Q = 0 and q > 0 arises if a >c 
and A~—k(a~c)/bsC. The optimal poli- 
cies are easy ‘to characterize. ‘A production 
subsidy is used to ensure that p=. No 
tariffs are necessary, but any positive tariff 
will do just .as well because it does not 
matter whether the duopoly E into 
a domestic monopoly. 

The case of q = 0 and Q > 0i iS analytically 
more interesting. The conditions under which 
this case arises are A>C and a~kQ<c, 
where Q is the optimal level of imports. 
Since t= OCB + kT), it follows from (7) that 
P =C +20(B.+ kT). Together with (11) and 
the fact that g=0 this implies that Q = 
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(A—C)/GB +2kT). As a result, the second 
condition: becomes 
k({A-C öy 


21) (a-e) SOBTI) 


Thus, in order for the market to be supplied 


with imports only, the foreign firm must 
enjoy an advantage which is sufficiently great, 
that is, (4-C) must exceed (a—c) by a 
large enough margin. The required margin 
becomes smaller. if the foreign firm is more 
competitive (i.e., T declines) or if the goods 
are better substitutes G.e., k rises). In the 
limiting case, if the foreign firm is perfectly 
competitive, then the required margin be- 
comes arbitrarily small as the. goods ap- 
proach perfect substitutes (which implies that 
k approaches B). 
The optimal tariff is given by 


(22) t*=Q(B+kT) 
(= (4-C)(B+kT)/(3B +242), 


from which it follows that t* = (bB — k?) 
(A—C)/(3bB —2k°) and të =(A- C)/3. 
As in the case of an interior solution, të > 
t. In addition, tf is close to zero if the 
goods’ are extremely close substitutes Ge., 
k? > bB).*® 

When g = 0, the optimal production sub- 
sidy is obviously not used to reduce domes- 
tic consumption distortion. Instead, it is used 
mainly to improve the terms of trade indi- 
rectly by making the inactive home firm a 
credible threat to the foreign firm. More 
precisely, in order for the foreign firm to 
maintain any negative T (such as under 
Bertrand competition) when the home firm is 
not producing at all, it requires the home 
firm to be right on the market’s edge, that is, 
(6) holds with equality at the optimal solu- 
tion with g =0 so that the two firms con- 
stitute an effective duopoly. From this re- 


. More generally, it can be established that 3r* for 
> 0, ` l N 
See Section II, Part C below. 
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quirement we obtain 


k(4-C) 


(23) eaaa (27 


c), 


and as a special case SK =[bk(A — C)/(3bB 
~2k*))—(a — ¢). 

Upon comparison with (21), one sees that 
g* = 0 if (21) holds as an equality, but s* > 0 
if (21) holds as a-strict inequality. In ad- 
dition, s* increases with c but decreases 
when C goes up. Finally, s¥ is arbitrarily 
close to (c—C) if the goods become ex- 
tremely close substitutes G.e., a > A, b> B 
and k > B).”! 

If T20, it is not necessary for (6) to hold 
as an equality. Consequently, the equality 
sign in (23) can be replaced by a weak 
equality sign ( < ). Under Cournot competi- 


+ tion, T =0 and thus sé <[k(A-—C)/3B]- 
` (a—c). In contrast with the interior solu- 


tion, we now see that s# > sé. 
C.-The Degree of Product Differentiation 


An increase in k toward b and B reflects 
an increase in substitutability between home 
goods and imports. At one extreme the goods 
are completely independent if k= 0. At the 
other extreme the goods are perfect sub- 
stitutes if K=b=B and a= A. To explore 
how the degree of product differentiation 
interacts with firm behavior in determining 
optimal policies, let us focus on Cournot and 
Bertrand competition. 

The optimal policies under Bertrand and 
Cournot competition were given above in 


Thus, under Bertrand competition with extremely 
close (but nonetheless imperfect) ‘substitutes, ¢* is arbi- 
trarily close to zero and s* is‘arbitrarily close to (c — C) 
>. This finding corroborates our results in the next 
section, but is markedly different from that implicit in 
Dixit (1988, p. 66): s* is arbitrarily close to zero and r* 
is arbitrarily close to ( = C) if the goods are homoge- 
neóus and competition is sufficiently close to Bertrand. 
The discrepancy in findings is attributable to the use of 
different methods of derivation. If our present method 
were used instead in Dixit’s model for the case of 
homogeneous goods (i.e., expressing dW as a function 
By and dQ -rather than of dQ and d(q + Q)) when 

, then his finding would have been identical to 
aie 


a NE remap mra 
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(c—C) 
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FIGURE 1. OPTIMAL POLICIES AND THE DEGREE OF 
PRODUCT DIFFERENTIATION 


equations (13)—(16) for an interior solution 


and beneath equations (22) and (23) for the 
corner solution at which g=0 and Q> 0. 
The condition under which an interior so- 
lution gives way to the corner solution 
is bk(A—C)/@bB -2k?)>(a—c) under 
Bertrand competition and ‘k(A—C) 2 3B(a 
— c) under Cournot competition. In either 
case, the condition is more likely to be met 
when & rises. To ensure that the optimal 
solution can be either interior or corner de- 
pending on the value of k, we assumed that 
(A—C) > 3(a—c)>0. This condition im- 
plies that theré exist two numbers, k? and 
k2, satisfying 0 x k8 < k£ < B: such that the 
corner solution prevails if and only if k > k8 
(k 2 kê) under Bertrand (Cournot) compe- 
tition. . o 

The relationship between optimal policies 


under Bertrand and Cournot competition’ 


and the degree of product differentiation is 
summarized graphically in Figure 1, where 
we have assume that a > A and b—> B as 
k -» B. It should come with no surprise that 
té=r1F and st =sř at k=O because the 


duopoly is then comprised of two indepen- 
dent monopolies. As k increases, the firms 
continue to exert greater competitive pres- 
sure on each other, leading to a decline in 
the magnitude of optimal policies. At k8 s# 
is equal to zero as qp first becomes zero. But 
as k increases beyond kp, s# rises with k 
while ż# continues to fall. In the limit, when 
the goods become almost perfect substitutes, 


Sp Tises to near (c — C) and tř falls to near 


zero. 

In contrast with ż#, të declines as k rises 
until & is reached, from which point onward 
it begins to rise. At k (when gc first be- 
comes zero) and beyond, the tariff is equal to 
that at k = 0! The production subsidy s, on 
the other hand, falls as k increases until kê 
is reached. In the range (k£, B) së is non- 
unique and any point in the shaded area is 
optimal. 


IV. Homogeneous Products 


When home goods and imports are perfect 
substitutes, p and P coincide and q and Q 
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enter the common inverse demand function 
as a simple sum, that is, p= P = D(q + Q). 
The change in welfare can be written as 
(24) dW=|p—c+Q?(1+T) D”| dq 
+[p—C+Q(1+T)(2D’+ OD”)] dQ, 


where D’ and D” are the first- and second- 


order derivatives of D, respectively, and use | 


has been made of (7). As q is increased by 
an infinitesimal amount, welfare changes at 
a rate of (p—c) due to domestic consump- 
tion distortion arising from the home firm’s 
noncompetitive behavior, and at an ad- 
ditional rate of (07(1+ T) D”) through the 
terms of trade. In a similar way, as Q is 
increased by an infinitesimal amount, welfare 
changes at a rate of (p-C+Q(1+T)D’) 
= ¢{ due to import consumption distortion in 
the presence of a tariff (or import subsidy), 
and at an additional rate of [Q(1+ F) D’+ 
Q*(1+T) D”] through the terms of -trade. 
The optimal policies to be derived below 
reflect these distortions. 

If it is optimal to produce goods at home, 
then p—c+Q7(1+T)D”=0. If it is opti- 
mal to import, then p—C+Q7(1+T) D”’+ 
2Q(1+T) D’=0. Since the term 20(1+ 
I’) D’ is negative for any positive Q unless 
the firms are perfectly competitive,” it fol- 
lows that there.should be no imports if c < C. 
On the other hand, if c > C, then some im- 
ports. are always desirable as. long as home 
goods are produced. If both g and Q are 
positive, then [c — C +2Q0(1+T) D’]=0. 


A. Interior Solutions 


| Combining the first-order conditions with 
(6) and (7), we obtain the optimal policies 
when both q and Q are positive.” 


?? While obvious, it may be useful ‘to point out the 
difference in firm behavior between perfect competition 
and Bertrand competition with homogeneous goods. 
Under perfect competition, a firm supplies according to 
its marginal cost curve, but under Bertrand competition 
each firm tries to set its own price to maximize its own 
profits subject to prices set by rival firms. 

' “One can see from the first-order conditions that q 
and Q depend on I but not on‘y. In conjunction with 
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(25) s*=Q*(1+T) D’—q(l+y) D’, 
(26) t=—-Q(1+T)(QD"+ D’). 


Recalling that :07(1+T) D” captures the 
terms of trade effect, we see that with non- 
linear demand, the optimal domestic subsidy 
is used to improve the country’s terms of 
trade even when both goods are consumed. 
If the inverse demand function is convex, 


then s* is greater than that which com- 


pletely removes domestic consumption dis- 
tortion. If the demand function is concave, 
the s* is smaller than that which completely 
removes domestic consumption distortion, 
which implies that s* may be negative. Simi- 
larly, ż* may be negative if the inverse de- 
mand function is highly convex. 


B. Corner Solutions 


We now turn to corner solutions in gen- 
eral and to the case of Bertrand competition 
in particular. Again, we focus on the more 
interesting case of g=0, which will arise 
if D’O)>C and c—C2>-200+T)D,, 
where D’ is evaluated at Q. The optimal 
tariff is still given by (26) with q set equal to 
zero, but s*<c— p, where the strict in- 
equality sign holds only if T > 0. 

When the firms produce homogeneous 
goods and have unequal constant marginal 
costs (i.e., (C+1t)#(c—s)), one can think 
of Bertrand competition in pure strategies 
resulting in an equilibrium in which the 
market is captured by whichever firm with 
the lower cost and the equilibrium price is 
just below the other firm’s marginal cost,” 
provided that the high-cost firm’s marginal 


(26), we conclude that dt* /dy = 0, which is identical to 


(18) in Section III. This result can be explained again by 
the fact that the social costs of home goods and imports 
are independent of y. x 

One can also think of Bertrand competition in 
mixed strategies, as in Eric Fisher and Charles A.Wilson, 
1987. When firms compete in one another’s domestic 
market under the condition that each firm has to charge 
a single FOB price for both markets, they have shown 
that a tariff serves to increase the profits of both firms. 
They have not, however, considered the question of 
optimal policies. 
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cost does not exceed the low-cost firm’s mo- 
nopoly price.”>. For instance, if (C +1) < 
(c— s), then the equilibrium price‘is given 
by (c-—s-—e) and the domestic market is 
supplied with imports only, where € is an 
arbitrarily small but strictly positive number. 

Let us consider the optimal policy under 
Bertrand competition for the case in which 
c >C. Obviously, no domestic output is de- 
sirable if the marginal social cost of imports 


is less than c, which can be achieved. by 


subsidizing the home firm until (c — s) is just 
above (C + ¢). Given the optimal production 


subsidy, a zero tariff is optimal because any - 


tariff or import subsidy will only. distort con- 
sumption. Therefore, s# =c—C-e and tř 
=0, which is basically identical to the re- 
sults obtained in Section HI, Part B, for the 
case of Bertrand competition with extremely 
close substitutes. This is to be expected, since 
homogeneous goods are a limiting case of 
close substitutes. More important than pro- 
viding a consistency. check, however, this 
example illustrates the rationale for subsidiz- 
ing home firms to keep potential competitive 
pressure on foreign firms. 


C. Optimal Policies under Bertrand and 
Cournot Competition 


From (25) and (26) one sees that if c 
exceeds C by. a sufficient aroi so that q.is 
small, then ¿č > 0 and s# <0 if the demand 
curve is sufficiently concave. In sharp con- 
trast, ¢* =0 and s*>0 if c>C, irrespec- 
tive of the shape of the demand curve. Thus, 
with the same demand and cost structure, 
optimal policies under the two different 
forms of oligopolistic competition can be 
qualitatively quite different. 

To explain the above results, it is useful to 
recognize the fact that under Cournot com- 
petition the impact of the domestic firm on 
the foreign firm’s actions is directly propor- 
tional to domesti¢ output. In contrast, under 


25 The equilibrium price is equal. to the low-cost firm’s 
monopoly price if the condition is not satisfied. In the 
presence of optimal policies, however, the condition will 
always be satisfied in our subsequent analysis. 
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Bertrand competition the domestic firm 
could have a significant bearing on the for- . 
eign firm without actually supplying a large 
quantity to the market, provided that it is 
ready to-supply a large quantity if imports 
are priced above certain levels. Thus, the 
social costs of a domestic production sub- 
sidy, relative to those of a tariff or import 
subsidy, would be lower under Bertrand 
competition than under Cournot competi- 
tion. Moreover, when the goods become bet- 
ter substitutes, the potential restraining 


. power of the domestic firm on the foreign 


firm increases and the difference in social 
costs would increase. The case of homoge- 
neous goods brings out the result most 
clearly, since no domestic subsidy is actually 
paid out as the domestic firm never actually 
produces. 


V. Summary and Concluding Remarks 


We have considered a domestic market 
that is served by a domestic firm and a 
foreign firm. Optimal trade and industrial 
policies were derived in a general conjectural 
variations model, but special attention was 
given to Bertrand and Cournot competition. 
We studied the dependence of optimal poli- 
cies on the nature of oligopolistic competi- 
tion and the structure of demand. In the case 
of differentiated products with. linear de- 
mand functions, if the goods are sufficiently 
differentiated and the cost advantage of the 
foreign firm is not too large, then both im- 
ports and domestic goods are consumed. The 
optimal policy under either Cournot or 
Bertrand competition. consists of a tariff and 
a domestic production subsidy, but the mag- 
nitude of policy is smaller under the latter 
form of competition. If the goods are suffi- 
ciently close substitutes or if the cost ad- 
vantage of the foreign firm is sufficiently 
large, then only imports will be consumed. 
While the optimal policy under Bertrand 
competition consists of a production sub- 
sidy, that under Cournot competition may 
consist of a production tax or subsidy. Thus, 
the optimal pclicies may be qualitatively dif- 
ferent at corner solutions. If we are willing 
to ignore the (equally) optimal production 
taxes in the Cournot case, then ‘we can ‘say 
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that they are-qualitatively similar. But even 
in that case the magnitude of tariff is smaller 
and that of production subsidy larger under 
Bertrand competition. 

In the case of petfect substitutes with a 
sence demand function, optimal policies 
are more likely to be qualitatively different. 
For ‘instance, if domestic production costs 
exceed foreign production costs, then the 
optimal policy under Bértrand: competition 
consists of a production subsidy and free 
trade, irrespective of the shape of the de- 
‘mand curve. The optimal policy ` under 
Cournot competition, on the other hand, de- 
pends importantly. on the demand curve’s 
curvature. If both imports and domestic 
goods are consumed, it may consist of a 
tariff and a production tax, or an import 
subsidy and a production subsidy. If only 
imports are consumed, then virtually any 
combination can be optimal. : 


Since linear demand is only a very special _ 


case, we must conclude that optimal trade 
and industrial policies are qualitatively sen- 
sitive to the nature of competition among 
firms, and thus a general alternative-to com- 
petitive analysis does not exist. ‘The funda- 
mental reason is the abundance of oligopoly 
equilibrium solutions resulting from the pos- 
sible use of. different strategies. This points 
to the importance of and a need for industry 
case studies in future research. Unless and 
until one can identify, perhaps approxi- 
mately, the nature of oligopolistic interac- 
tion in the real world (which of course can 
vary across industries and markets), one is 
forced to be.skeptical about certain policy 
recommendations emerging from the theo- 
retical analysis of international oligopoly. 


APPENDIX: OPTIMAL POLICIES UNDER 
BERTRAND AND COURNOT 
COMPETITION WITH GENERAL 
DEMAND FUNCTIONS 


Using the same notation as in Section IT and assum- 
ing that both g and Q are positive, one can derive the 
following optimal policies: 


(Al) sé = Q2. Py — gc Pi, 


(A2) tt =-—O-(P, + QOcPp2), 
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Pr Pi Px PPn 
(A3) 13 = 03] PaPa- p| MPP j| 
1 


r \. P 
. P, Px PPa 
ae P, TES A : 
Pi 
where B and C stand for Bertrand and Cournot compe: 
tition, respectively. - 
The optimal policies under Bertrand amei can 
alternatively be expressed in terms of direct demand 
functions. Denoting the direct demand functions invert- 


ible from p(q,Q) and P(q,Q) by q(p, P) and Ôl p, P), 
we have 


7 Q [01022 — 22021] 4 
GO) gs gt 
(A6) if Q| (220; - ee q,( 03 -— Q2n)) 
2 


where Q, and q; are the derivatives of Q and q with 
respect to their ith arguments, respectively, i =1, 2, and 
Qa; is the derivative of Q, with respect to its jth 
argument, j=1,2. By definition, ô= (Qq, — Quq) is 
positive if the goods are imperfect substitutes, that is, 
PP, > PaP, , : 

Based upon the expression for the net price of im- 
ports and the above formulas, one sees that të and tř 
are used to prove the home country’s terms of trade. 
In contrast, s# as well as s¥ are used both to offset the 
domestic consumption distortion effect and to improve 
the terms of trade. In the absence of terms of trade 
considerations, SB and sé are unambiguously positive. 
Moreover, both s* and t* are positive under Bertrand 
or Cournot competition if demand is not too nonlinear. 

In the case of homogeneous goods, te =(e-C)/2- 
Oz D”, where D is the common inverse demand func- 
tion. If D is linear, then të =(c—C)/2, the result 
derived in Dixit, 1984. 

The case of Q = 0 and q> 0 is straightforward. The 
optimal policy is to provide a production subsidy until 
p= ce. No tariffs are necessary to block imports. If g=0 
and Q > 0, then 7% and t# are given by (A2) and (A4), 
respectively, sf =c— p(Qz), and së sc- p(Q-). 
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The Missing Link: The Ricardian Approach to the 
Factor Endowments Theory of Trade 


By Roy J. RUFFIN* 


This paper views all interpersonal exchange as Ricardian, while all sniernchonal 

` trade reflects each country’s factor endowment. The model provides the logical 

-` Tink between Heckscher-Ohlin and Ricardo. The strength of the model is that it 

allows simpler and more robust theorems about trade, welfare, and factor pay- 

ments. For example, factor price equalization is universal and the old Mill-Ricardo 
-theorem that the small country gains all from trade is incorrect. 


- David Ricardo, 1817, supposed that Por- 
tugal had a comparative advantage in wine 
and England a comparative advantage in 
cloth. To generate trade, technologies had 
to differ between the two countries. But a 
factor endowment view can be achieved by 
assuming that the world is populated by 
those who have a comparative advantage in 
wine and those. who have a comparative ad- 
vantage in cloth. Let some wine makers re- 
side in “ England” and some-cloth makers 
reside in “Portugal.” Assume that those with 
a comparative advantage in wine or Cloth are 
identical across countries. Without impedi- 
ments to trade, there is really just the inter- 
_ personal trade between’ wine exporters and 
cloth. exporters. There will be international 


'-*Department of Economics, University of Houston, 
Houston, TX 77004. This paper is dedicated to. Profes- 
sor Joel Sailors, who retired from the, University of 


Houston in 1987 after more than 30 years of teaching . 
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of the contents of this paper. Ron Jones provided 
‘detailed and insightful comments on an early draft of 
this work. This paper was presented at the University of 
California at the Santa Cruz Conference on‘ Interna- 
tional Economics and Finance, October 30, 1987. I have 
‘benefited from the comments of seminar participants at 
the University of Houston, Rice University, and 
Rochester University. I also wish to thank Rob Feenstra, 


’ Farhad Rassekh, Irwin Collier, and the referees for their - 


_ helpful comments. I claim all residual-errors. 


The Ricardian model has been extended to the 
many-country, many-good world by Frank Graham, 
1948; Lionel McKenzie, 1954; and Ronald Jones, 1961, 
1985. Rudi Dornbusch, Stan Fischer, and Paul’ Samuel- 
son, 1977, have developed a two-country model. with a 
continuum of goods. . 
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trade provided only that the new “England” 
and “Portugal” claim relatively different en- 
dowments of wine exporters and cloth ex- 
porters. 

In this reinterpretation of Ricardo, a tech- 
nological comparative advantage is a prop- 
erty of factors of production and people 
rather than countries. ‘The supply-side com- 
parative advantage for a country depends on 
its endowment of factors of production, just 
as in the Heckscher-Ohlin (H-O) model. The 
model generates all of the main features of 
the H-O model of international trade: 1) 
trade reflects factor endowments, 2) there 
will be a tendency toward factor price 
equalization, and 3) trade benefits the abun- 
dant factor and hurts the scarce factor. 

It is convenient to call the above model, 
“the r Xn Ricardian model,” where r is the 
number of factors and n is the number of 
goods, The model may be viewed in two 
ways. First, as indicated, it is simply the 
normal Ricardian model applied to inter- 


personal trade with international trade being 


the consequenée of interpersonal trade across 
national borders. Second, the r X n Ricardian 
model may be regarded as a special case of 
the H-O model, where the inputs are perfect 
substitutes in the production of any good. 
Either view can be used as a source of eco- 
nomic intuition about the working of the 
model. 
Such a model may be regarded as the 
“missing link” between the Ricardian and 
the H-O models of trade. Just as our model 
is a special case of the H-O model, so is the 


ee aaa 
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traditional Ricardian model a special case of 
our model where each country has a mo- 
nopoly on each labor type. : 

The Ricardian approach to the factor en- 
dowments theory of trade has the advantage 
of great simplicity. In‘ contrast, the H-O 
theory is extremely. complicated. For exam- 
ple: numerical solutions to even the two-by- 
two H-O model are beyond casual calcula- 


tions; the’ factor price equalization theorem . 


depends on’ delicate properties of the pro- 
duction functións and the closeness of na- 
tional factor endowments; and when the 
number of factors exceeds the number of 
goods, the major theorems such as factor 
price equalization, Stolper-Samuelson, Heck- 
scher-Ohlin, and Rybczynski break down or 
become far weaker. Even in the case of three 
factors and two goods, the relationship | be- 
tween factor endowments and trade is too 
complex for any simple conclusions (see Ed- 
ward Leamer, 1984, pp. 16-18). 

Section I introduces the r Xn model, de- 
scribes the: production transformation surface 
of each country or the world, and establishes 
the universal factor price equalization theo- 
rem. Section II illustrates the techniques of 
analysis with ‘the simple 2X2 version: It 
formally establishes the basic theorem about 
trade patterns. Section III shows that -trade 
benefits the abundant factor and hurts the 
scarce factor in the general, case. Section IV 
illustrates the power of the model to. shed 
light on old issues. I show that the. John 
Stuart Mill theorem, John Chipman, 1965, 
that the small country gains the most from 


international trade, is specific to the- 


Ricardian special case. In the 2x2 Ricardian 
model, the Mill theorem is a special case of a 


more geheral result in which the large coun- 


try under certain circumstances can obtain 
all the į gains from trade and the small coun- 


There has been some .work on the three-factor, 
two-good model. See Raveendra Batra and F. Casas, 
1976; my article, 1981; Ronald Jones and Stephen 
Easton 1983; Katsuhiko Suzuki, 1983; and Henry 
Thompson,.1985.:The clearest result is that the middie’ 
factor benefits. from, an increase in the supply ofan 
extreme factor and the. extreme factors are enemies (see 


` my paper, 1981). 


ks 
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try nothing. In .other words, the “small . 
country” assumption of trade theory can be- 
misleading. Finally, Section V completely 
characterizes the impact of factor endow- 
ments on trade patterns when there are three 
factors and two goods by proving three theo- | 


‘rems relating factor endowment to interna- 


tional trade. 1 show the exact conditions 
under which a “Leontief patadox” can 
emerge. Interestingly enough, much hinges 
on the “limbo” ratios discussed by Frank 
Graham many years ago in 1948. 


I. The Model 


1 

This section. describés the general. char- 
acteristics of the,r Xn Ricardian model and 
compares. them with the properties..of the 
H-O model. The production transformation | 
surface for the case of two factors and three — 
goods is described and universal factor. pieg 
equalization is demonstrated. 


ASSUMPTION: Suppose. there a are:r types of 
productive factors and n goods, We refer to 
each. productive factor as “labor,” but other 
interpretations are possible. The home coun- 
try is endowed with L, units of type i labor. 
The foreign country has L* units of type. i 
labor (variables with asterisks refer to. the 
foreign country when possibly different). The 
total amount of type i labor in the world is 


denoted by 7,(=L,+ L*). Let a;, . denote 


the amount of type i labor that will ‘produce 
one unit of good j. I assume the. a;,’s are 
identical all. aver: the world, Labor supplies 
are internationally immobile, but nationally | 


- mobile. The.amount of good j aca by 


L,; units of type i labor is 
Q) Kym Lya 


Since. good j can be produced by many 
labor ‘types, total good j production would 
be `. 

(2) | X,=2,L,,/a 


ij? 


which:shows that the Ricardian r-X n -model 
is just a special case of. the H-O ‘model with’ 
linear iso-quants. For example, with two fac- 
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tors and two goods. the efficient allocation in 
an Edgeworth box would be a contract curve 
lying along adjacent sides from origin to 
origin. Since the a;,’s are identical around 


the world, by using world factor endow-. 


ments a similar Edgeworth box would de- 
scribe the efficient allocation of resources for 
the world economy. 

The Production. Set for Each Labor Type. 
It is more convenient to think about the 
Ricardian interpretation. In Ricardo, we just 
consider the efficient allocation of each type 
of labor (or “country” in the traditional 
interpretation).- Thus,. the production set 


generated by the endowment and technology ` 


of each labor type is 


(3) X= {(%,):2jajXjs L}. 

Since technology is identical worldwide, a 
similar ‘set defines the production set gener- 
ated by the world supply of each type of 
labor. If Z;, denotes the world output of 
good - -j by type i labor, the world poaae: 
tion set for each: type of-labor is 


| (4) Y, + Y;* = {(Z,,):2,a,,Z, = 


Ta. 
It is clear that the production transformation 
surface for each Zabor type is just a plane in 
many dimensions. 

The Production Transformation Surface 
for the Economy. In the rXn Ricardian 
model each country’s transformation surface 
consists of points (where each type of labor 
is.completely specialized), lines (where one 


type of labor produces two commodities, ` 


and larger dimensional planes (where each 
type of labor produces more than two com- 
modities). It is of course exactly like the 
world transformation surface in the multi- 
country version of the Ricardian theory de- 
= veloped by Frank Graham, 1948; Lionel 
McKenzie, 1954; and Ronald Jones, 1961, 
1985. 

Let us consider the transformation surface 
for a country (or the world) for the 2x3 
Ricardian model. Let the three goods be 1, 2, 
and 3; and calli the labor types or factors A 
and B. Figure 1 illustrates a McKenzie trian- 
gle, which gives a two-dimensional represen- 
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tation of the three-dimensional transfor- 
mation surface. The points labeled (4,, B,) 
indicate that type A labor is specialized in 
good j and type B labor is specialized in 
good k. At the corners (A; B,) for j=1, 2, 
T 3; the country is specialized i in goods if 

2, and 3. To determine the remaining points, 
we need to know the relative productivities 
of labor types -A and B. Suppose that 


(5) an/am< 443/483 <4 42/45), 


where a,,/dg, is the ratio. of B’s productiv- 
ity in good j to A’s productivity i in good j. 
Thus, A has a comparative advantage in 
good 1, B in good 2, and either A or B hasa 
comparative advantage in good 3 depending 
on relative wage rates. The ratio of wages, 
W,/W,, must be in between the two ex- 
tremes so that factor A always exports good 
1 and factor B always exports good 2. Good 
3 will be produced by..both factors if 
W,/W,=4,;/a,; Factor A will produce 
good 3 if W,/W, is slightly higher than the 
middle productivity ratio; factor B will pro- 
duce good 3 if the wage ratio is slightly 
lower. 

. On the efficient transformation surface 
each type of labor has’ its day in court (in 
other words, every factor has a comparative 
advantage). Suppose both factors are special- 
ized in good 1 so that the production point is 
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represented by the corner labeled (A,, B,). 
Imagine production is in the vicinity of point 
(A,, B,), where goods 2 and 3 are produced. 
Since type A labor has a comparative ad- 
vantage in good 1, it is type B labor that 
first produces goods 2 or 3. As a conse- 
quence, facet B reflects the production 
transformation surface of type B labor. Sim- 
ilarly, facet A represents the production 
transformation surface for type A. labor. It is 
near the (4,, B,) corner, because when the 
economy is specialized in good 2 factor A is 
the first to begin producing goods 1 or 3. 
The parallelogram labeled D is when each 
country is producing two goods: A labor is 
producing goods 1 and 3 and B labor is 
producing goods 2 and 3. In region D, the 
factor price ratio W,/W, = a 43/4 p3- 
Commodity prices, of course, determine 
the location of production. But production 
will be indeterminate except at the points. 
Along any line or on, any facet produc- 
tion can be varied within prescribed limits. 
For instance, along the line segment from 
(A,, B,) to (4, B3), factor B moves from 


_ producing good 1 to good 3. In this case, 


P, /P3= 4g, /4p3, and the price of good 2 is 
so low that none is produced. The line from 
point (4,, B,) to point (4,, B,) involves a 
fixed amount of good 2 production (equal to 
factor B’s specialized output) and transfer- 
ring factor A from good 1 production in- 
to good 3 production. It corresponds to a 
ridge on the world transformation surface. 
Such production indeterminacies represent 
no problem for the world economy, since 
demand conditions will pin down the exact 
amount of output. 

Figure 1 represents the world aaston 
tion surface or the transformation surface 
for each country. Every country’s production 
surface looks exactly alike except for the 
relative sizes of the triangles A and B and 
the parallelogram -D. The relative sizes of 
triangles A and B reflect the relative sup- 
plies of A labor and B labor. In the general 
n-dimensional case, each country’s transfor- 
mation surface is the same except for the 
sizes of. the lines, flats, and higher-dimen- 
sional subspaces. 

Specialization of Good and Factors. In 
our model it is possible to compare produc- 
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tion patterns between countries that do not 
share the same factors. In the general H-O 
model, every country must have positive 
amounts of every factor because the produc- 
tion functions may not be defined with zero 
inputs of some factors. When inputs are 
perfect substitutes, new factor supplies can 
be added (or old ones eliminated) without 
affecting the efficient assignments of the other 
factors. For example, in Figure 1, if factor B 
is eliminated, then facet A just becomes the 
entire transformation surface. — , 

One of the most intriguing characteristics 
of the r X n Ricardian model is that factors 
specialize more than countries. In the H-O 
model, if factor endowments are sufficiently. 
different among countries, at least one of the 
countries must be specialized. In the r xn 
model, such specialization will not occur as 
long as a country possesses positive amounts - 
of each factor. Clearly, the country will :pro- 
duce positive amounts of the goods in which 
its factors have a comparative: advantage. . 
This property is important because it cap- ` 
tures one of the brute empirical facts about 
the world. 

Universal Factor Price Equalization. The | 


dual of the fact that the transformation . 


surfaces between countries have flats, lines, 
and points that are geometrically similar is 
that changes in commodity prices cause 


parallel realignments in the activities chosen 


by (or assigned to) each type of labor among 


- the various countries. Within each country, 


labor is allocated to its comparative ad- 
vantage for any given set of world prices 
faced by the aes Thus, the wage. rate of 
type i labor, W,, is determined by the alloca- 
tion that maximizes its earnings over all 
possible activities. If P, is the. world price of 
good j, it follows that” 


(6) | W, = max,(P,/a,,)- E 


THEOREM 1: There will be universal factor 
price equalization as long as each country 
faces the same prices. 


PROOF: 
From (6) it is trivial that factor prices are 
equalized between countries with the same 


i 9 9 
P,’s and a;,,’s 
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The factor price equalization theorem in 
the r Xn Ricardian model releases us from 
such esoteric concerns as factor intensity 
reversals or cones of diversification. In the 
standard H-O model, there is factor price 
equalization between countries if and only if 
their factor endowments are in the same 
cone of diversification.? With strictly convex 
iso-quants, large differences in factor endow- 
ments among countries required unequal 
factor prices and cause different -techniques 
of production to be adopted across coun- 
tries. In the r X n Ricardian model, the cone 
of diversification is the entire endowment 
space. Thus factor endowments can differ 


dramatically and (as long as technologies 


and prices are the same the world over) 


factor prices remain equalized. As a conse- 


quence, there is universal factor price equal- 
ization. 

Universal factor price equalization: means 
that for. any distribution of factors between 
countries the equilibrium will be the same as 
that of a fully integrated world economy, 
defined as the equilibrium when all goods 
and factors are mobile (Avinash Dixit and 
V. Norman, 1980). Indeed, it is obvious that 
as long as any factor’s tastes are independent 
of its location, the world equilibrium vector 
of commodity and factor prices will be inde- 
pendent of the location of factors. 


COROLLARY 1: Jf all laborers have tastes 
that are independent of their location, the 
world equilibrium price vector is. independent 
of the location of factors. 


This corollary follows from universal fac- 
tor price equalization. To see how it works in 
one particular. instance, suppose that the 
equilibrium is such that each factor is com- 
pletely specialized and r=n. Moving any 
factor from one country to another causes 


the output of the good in which it is special- 


For a given set of commodity prices the cone of 
diversification is the set of possible factor endowments 
consistent with a single set of factor prices. In the two 
input case with two goods, the cone is formed by the 
tangent to the unit value iso-quants. See John Chipman, 
1966. 
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ized to fall in the country of emigration and 
to rise in the country of immigration by 
exactly offsetting amounts. Thus, since the 
factor earns the same in both countries and 
world demand remains the same, the world 
equilibrium. price vector remains unaffected. 
Of course, we need not assume that r =n or 
that each factor be completely specialized. 
When one factor is diversified, so that.a 
particular factor produces several goods, 
moving the factor from one country to the 
next has an indeterminate impact on the 
output of each country, but whatever the 
case the world output of each good must 
remain the same since world demand does 
not change with universal factor price’ 
equalization. For the given world demands, 
supply must adjust until supply equals. de- 
mand at the original set of commodity and 
factor prices. 


IL. International Trade in the Two X Two Model 


All exchange in the r X n. Ricardian model 
is interpersonal. International trade is but 
the mere consequence of unequal. distribu- 
tions of the various types of labor between 
the home and foreign countries. The model 
is the purest vehicle for exhibiting the role of 
factor endowments in explaining trade, be- 
cause all countries adopt the same technolo- 
gies and: the only differences observed in 
basic output patterns are due to factor en- 
dowment differences. 

. I shall now examine interpersonal and in- 
ternational trade in the 2X2 case. The two- 
by-two case allows us to introduce the basic 
method of analysis and can be used toil- 
lustrate the power of a simpler model: of 
factor endowments. In this section we will 
just prove the H-O theorem about trade 


- patterns with two factors and two goods. 


There are two goods, goods 1 and 2, and 
two types of labor, type 1 and type 2. Let 
good 2 be the numeraire, so that p and w, 
denote the price of good 1 and the wage of 
type i labor in terms of good 2 (that is, 

= P,/P, and w,=W,/P,). 

Interpersonal Trade. Without loss of 
generality assume type, i labor has a com- 
parative advantage in good i (by appropriate 
labeling). Thus, for example, we can speak 
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of type ł labor as having a comparative 
advantage in good 1. There- will be interper- 


sonal trade if the usual Ricardian cost: ratios | 


dier, We are supposing: 
7) a/an < Oa / O22: 

Às iS well known, ETA trade be- 
tween the two labor types (before assigning 


the labor types to ee satisfies the 
basic laws:- | 3 pi 


(8) Gy / Ay, SPSay/ay, ` 


(9) ` a/a S w/w < ay, /ay,. 


The -commodity price ratio p must satisfy 


the range in (8) because otherwise only one 
good would be produced; the wage ratio 
w,/w, must satisfy the range in (9) because 
otherwise one type of labor could undercut 
the other type in all goods. 

The Heckscher-Ohlin Trade Pattern. To 
generate patterns of international trade it is 
only necessary. to assume divergent factor 
endowments. I assume that the home .coun- 
try has relatively more type ‘1 labor. Thus, 


(10). L,/L, > T,/T, SLL; 

aoa he 
Obviously, the world E E ratio T/T 
must ‘be strictly in between the individual 
country’s endowment ratios. 

Assume laborers of the same type have: the 
same preferences all over. the world. I do not 
assume homothetic tastes'in our basic proofs. 
In this regard we are following my 1977 
paper in which I pointed out that the as- 
sumption of homothetic tastes need -not: be 
made in the H-O theorem.* But in the geo- 
metric illustrations, I: will make the stronger 


assumption that tastes are identical and ho- 


mothetic between countries. While it is pos- 
sible to use the former assumption in our 
diagrams, the additional realism ‘is not Or 
the added i a 


*See.also A. D. Woodland; 1982; pp. 182 and 211, for 
notes on the literatute.and Jagdish Bhagwati and T. N. 
Srinivasan, 1983, for a textbook ‘exposition. 
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Suppose that initially L,/L,=T,/T,= 
D¥/ LY. Each country has identical produc- 
tion. transformation curves (except possibly 
for scale). Since laborers of the:same type 
have identical tastes, the aggregate tastes of 
each country dre identical. Thus, there will 
then be no trade because both countries. 
would consume and produce the same rela- 
tive amounts. To determine the trade pattern 
with a skewed factor endowment, we need 
only move labor from one country to the 
other until trade 1s created (see my 1977 
article). From Corollary 1 we know that this 
redistribution of labor doés:not affect the 
equilibrium p. Thus, the exercise tells us the 
pattern of trade with a skewed factor endow- 
ment. By (8) we know that at least one type 


of labor must be specialized. Without loss of 


generality, assume typé 1 is specialized. Now, 
move a unit of type 1 labor to the home 
country. Then nothing happens to the world 
production or consumption of any good 
(Corollary 1). However, in the home- country 
the output of good 1 increases by exactly the 
amount of good l produced by the unit of 
labor. 

Trade is ented when factor 1 moves be- 
cause the production changes that accom- 
pany factor movements are more asymmétric 
than demand changes. A good is exported or 
imported depending upon whether demand 
increases less or more than supply. There are 
two cases, depending on whether type 2 labor 
is also specialized or potentially diversified. 
If type 2 is specialized, the movement of 
type 1 labor does not affect either country’s 


production of good 2. Since the home coun- 


try now has more of type 1 labor and no less 
of type 2 labor; the home country must 
import good 2 to satisfy the: demands of 
the new immigrant. Accordingly, the home 
country will export good 1- and import good 
2: If type 2 is diversified, so p =a, /ay, 


there is more potential production of good 2 


by type 2 labor. In this case, both countries 
would produce on the corresponding flats of 
their respective transformation curves. Since 
production is indeterminate in each country, 
it is ‘possible for there to be no trade or trade 
in either direction (for a similar problem, see 


‘Bhagwati, 1967). We will assume that when 


trade is indeterminate, the physical volume of 


VOL. 78 NO. 4 


trade will be minimized..This would occur, 
for example, if there were an infinitesimally 
small tariff or trade impediment. When the 
unit of type 1 labor migrates from the for- 
eign country to the home country, without 
any reallocations, the home country pro- 
duces more good 1. There will. then be: an 
excess supply of good 1 and an excess de- 
mand for good 2. But type 2 labor is di- 
versified: by putting more of type 2 labor 
into the production of good. 2 its excess 
demand might be reduced to zero. But as the 
type 1 labor continues to move to the home 
country, type 2 labor. in the home country 
might eventually be specialized in good 2. 
Any. (if available) additional type 1 labor 
sent to the home country would then create 
an import demand for good 2. Thus: 


THEOREM 2: If there are two types of labor, 
and each type has the same tastes across coun- 
tries, each country will export. the good. in 
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GOOD 1 


which its abundant factor has a comparative 
advantage. provided (i) there is international 
trade, and (ii) any indeterminate trade is 
minimized. 


Figure 2 illustrates the pattern of interna- 
tional trade. when tastes are identical and 
homothetic between’ countries. The method. 
is based on the idea that with identical and 
homothetic tastes across countries, the free 
trade equilibrium is represented by the 
tangency of a community indifference curve 
with the world transformation curve. Thus, 
in Figure 2, the world transformation curve 
is ABC. It is based on using world endow- 
ments and the production sets defined in (4). 
Because of inequality (7), the flat AB corre- 
sponds to type 1’s relative cost and the flat 
BC reflects type 2’s relative cost. Assume the 
free trade equilibrium is such that p is strictly 
in between the two cost ratios, as in. Figure 


‘2. From inequality (10), the home country’s | 
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transformation curve is abc and has a kink 
at point b that must be to the right of OB 
since L,/L,>T,/T,. The trade triangle 
must be efb, so the home country exports 
good 1. Note that it ss only necessary to 
compare one country’s -ransformation curve 
with the world’s transformation curve. 


Ill. Real Wages and tie Terms of Trade 


One of the most impcrtant propositions in 
international trade theory is the Stolper- 


Samuelson theorem that improving the terms 


of trade benefits the abundant factor and 
harms the scarce factor. This section restates 
the theorem for the r X 2 model. I also show 
that improving the terms of trade helps the 
abundant factor more than it hurts the scarce 
factor. 

Assume that before international trade 
takes place the relative price of good 1 (re- 
call p= P,/P,) will be cheaper in the home 
country, that is, p< p* When trade opens, 
p rises in the home country and p* falls in 
the foreign country. 

Consider what happens in the home coun- 
try. Using (6) and (7), wages must be (recall 


w= W,/P,): 


(11) = p/a; and w,=1/d5,. 


The welfare of a type £ person is given by 


the indirect utility functzon ` 


(12) 
Let c;, denote each type i person’s con- 


sumption of good j. Using Roy’s indentity 
and (11) we can see that 


(13) du'/dp = v(m- penp mO 


u' = v'( p, w;). 


as long as type 1 people consume some good 


2. Using the same metheds, 


(14) 


We have thus proved: 


du? /dp = — en, < 0. 


THEOREM 3: International trade benefits 
the abundant factor and hurts the scarce fac- 


. tor. 
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(16) 
(17) 


‘When trade opens, 
- country. Let type 1 labor compensate type 2 
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This theorem also shows that protection 
benefits the scarce factor and hurts the 
abundant factor, just as in the Stolper- 
Samuelson theorem for the standard H-O 
model. 

In the r Xn Ricardian model Theorem 3 
generalizes to any number of goods and 
factors. In the general model,- p in equation 
(12) would be a vector and (13) and (14) © 
would be partial derivatives! 

It is straightforward to show that the ben- 
efits of trade exceed the costs. To see this, 
tax type 1 labor at rate ¢ and subsidize type 
2 labor at rate s so that there is budget 
balance 


(15) 


Let b= L,/L, so that t = sb. Thus, the indi- 
rect utilities are 


tL, =sLy. 


u= v'( p,w,— sb), 


u? = v*{ p,w, +5). 
p rises in the home 


labor so that ds = cdp. Thus, the utility of 
type 2 labor stays the same’ as they have 
been exactly compensated. What is the net 
gain to type 1 labor? ` 


(18) du’/dp = v,[1/ay, — cu — bey] 
= vp Lil X- Lieu Laen]. 


This must be positive as long as good 1 is. 
exported! Not surprisingly, the expression is 
exactly the same as the expression for the 
change in real income when social indif- 
ference curves’are used:(see Richard Caves 
and Jones, 1981, pp. 490~ 91). 


THEOREM 4: When the terms of trade im- 
prove, the winners can compensate the losers 
and the net improvement is proportional to the 
quantity of exports. 


This may be compared to Peter Kenen, 1957; and 
Chipman and James Moore, 1972. 
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_ The above results are not surprising. How- 
. ever, they do illustrate the simplicity and 
~ elegance of the r X n Ricardian model. 


IV. The Gains from Trade 


In his seminal treatment of international 
values, John Stuart Mill (1929) observed: 


...the richest countries; ceteris paribus, 
gain the least by a given amount of 
. foreign commerce: since, having a 
- greater demand for commodities gener- 
=- ally, they are likely to have a: greater 
demand for foreign commodities; and 
thus modify the terms of interchange 
to their own disadvantage. 
[Mill, p. 604] 


I now show that this famous. Mill theorem 
holds only in the case where each country 
has a monopoly on some labor type. When 
both countries have supplies of each factor, 
the country that gains the most from inter- 
national trade turns out to be the one that is 
most different from the world economy. This 
is as it should be because. it is well known 
that the gains from trade depend on the 
difference between autarky prices and world 
prices. In Ricardo, the small country is less 
like the world economy than the large coun- 
try. In.my model, even with two countries, 
the small country may be more like the 
world economy. Thus, it may be the large 
country that trddes at the small country’s 
autarky ‘price ratio. The Mill theorem has 
been so influential that the assumption that 
a country faces fixed international prices is 
called the “small country assumption.” How- 
ever, the results in this section show that the 
large country can trade at the prices of the 
smaller country. | 

Figure 3 shows the conditions under which 
one country appropriates all of the gains 
from trade. We assume that tastes are identi- 
cal and homothetic between countries, al- 
though that assumption can be relaxed. The 


°Murray Kemp (1969, pp. 266-67) argues that this 
statement is valid if “factor supplies are inelastic and if 
for any reason the community behaves as if it were 
trying to maximize a single concave utility function.” 
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' FIGURE 3 


world transformation ‘surface is ABC, the 
home country curve.is abc, and the foreign 
curve is a*b*c*. Let OD be the income-con- 
sumption path for the world and also each 
country ‘at the free trade equilibrium p. The 
home country will appropriate all the gains 
from trade if in the free trade equilibrium 


'- the home country’s kink is to the right of the 


cone DOB. In particular, since the slope of 
OD is simply C,/C, (where C, is good i 
consumption), the condition is simply that 


(19) Lyay,/Liay < G/CC < Thay, /T ay. 


By necessity, since the world 7, /T, ratio is 
in between the country’s endowment ratios, 
the foreign country’s kink must be to the left 
of OB as long as.(19) is satisfied. After trade 
takes place, the home and foreign countries 
consume at points d and-.d*,; respectively. 
Before trade, the home and foreign countries 
consume at points b.and d*, respectively. It 
is.clear that point b is on a lower indif- 
ference curve than point d. In Figure 3, we 
have drawn the diagram so-that the ratio of 
home country GNP to foreign GNP is 
Oc/Oc* >1. It is easy for the larger home . 
country to receive all the gains from trade. ` 


Neh ne ee A A a 
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Thus: 


THEOREM 5: If tastez are identical and 
homothetic between courtries and the home 
country -is richly endowed with type 1 labor 
[condition (10) is satisfizd|, then the home 
country receives all of the gains from trade if 
and only if condition (AS) is satisfied in the 
free trade equilibrium. Tae size of country is 
irrelevant. 


In Figure 3, the free trade price ratio p 
equals the cost ratio fcr labor type 2. In 
effect, there is so much type 2 labor in the 
world that world prices conform to type 2’s 
labor costs.: Thus, type 2 labor gains nothing 
from interpersonal exchange and type 1 labor 
gains all. But in Figure 3, the home country 
is well endowed with type 1 labor and the 
foreign country is well endowed with type 2 
labor. Thus, if.one type of labor does not 
gain from interpersonal trade, then it must 
be that the country which is richly endowed 
with that type of labor will not gain from 
international trade. 

An example will illustrate that it is the 
comparison of factor endowments with the 
world factor endowments that determines 


_ the division of the gains from trade. Follow- 


ing Chipman, 1965, let us. use the Mill- 
Graham demand assumption that u=C,C,. 

By examining the slope of the indifference 
curve through point B relative to the slopes 
of the AB and BC flats in Figure 3, it is easy 
to show that the free trace price ratio will be 
the following step function: 


411/441 if LA < an /đy2, 
(20) = Tay /T ay if 249)/a,. <T,/T, 
j < åa 
Ar, /A2 


a eae: > an /011- 


ire 4 shows a grapa of function. 20) 
relating the factor endowment ratio to the 
commodity price ratio. If a country’s endow- 
ment ratio is used, the function shows the 
autarky price; if the-world endowment ratio 
is used, the function shows the world free 
trade price. 


THEOREM 6: Under tae Mill-Graham de- 
mand assumption and condition (10), the home 
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TYPE 2 LABOR 
TYPE 1 LABOR 


L it 
3 of 42° ate n” at t/t, 


Fio 4 


country will gain all from international trade 
and the foreign nee will gain nothing if 
only if 


(21) ig > 1,/T,> ay /ay > L/L,- 


As long as (21) holds,.the size of country is 
irrelevant. , ep # 


When (21) holds, before. trade- the home 
country’s p will be less than. a,,/a,, (see 
Figure 4) and the foreign country’s autarkic 
p* will equal. a,, /@,,. However, in the free 
trade equilibrium p equals the foreign coun- 
try’s autarkic p*. . 

A numerical example vividly . illustrates 
how large the home country. can be and still 
capture all the gains from. trade. Suppose 
@,=4,,=1 and a,,=4,,=2. Assume L, 
=99, L,=50, Lt =4, and L* =1. Condi- 
tion (21) is satisfied so the foreign country 
gains. nothing from trade. However, -at the 
free trade price ratio home.GNP is 199 and 
foreign GNP is only 6 (from (20) p = 2 and 
from (11) w, = 2 and w, =1). Thus, the home 
country is over 33 times as large as the 
foreign Country and yet receives all the bene- 
fits of trade! 

This insight is ‘important from an em- 
pirical standpoint. Trade theorists. often 
assume that just because trade is more im- 
portant for small countries than large coun- 
tries that the former gains more than the 
latter. However, Theorems 5 and 6 imply 
that the proportion of exports to GNP is not . 
what matters. 

To show that Theorem 6 is more funda- 
mental than Mill’ s theorem, it is instructive 
to derive Mil S theorem from condition (21). 
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MILL’S THEOREM: [If the utility functions 
are Mill-Graham, the home country has a 
-monopoly on type 1 labor, and the foreign 
country a monopoly on. type 2 labor, then the 
home country receives all the gains from trade 
if and only if it has a smaller GNP at world 
prices. 


To establish this, if L,=0 and L¥* =0, 
condition (21) becomes 


(21’) L/L > ay / ay 


By (20) p=a,,/a,,. Thus, by- (1D, w = 
Ax,/Aya,, and w,=1/a,,. GNP in the 
home country is y=(a@,/a,a,,)L, and 
GNP in the foreign country is y* = L¥/a,. 
The home country gains all and the foreign 
country gains nothing if and only if condi- 
tion (21’) holds. But y< y* if and only if 
LY/L > Qx,/a, holds. 


T,/T,= 


V. The Three-by-Two Ricardian Model 


The Si of the above moe allows 
us to explore the role of a third factor. It has 
long been argued (Jaroslav Vanek, 1963) that 
the existence of natural resources along with 
capital and labor helps explain the evolution 
of U.S. foreign trade. In the specific-factors 
model, it is possible to trace the impact of 
factor endowment on trade patterns (see 
Jones, 1971, and Paul Samuelson, 1971). But 
the impact of factor endowments on trade is 
very difficult in the traditional H-O frame- 
work. 

Let there be three labor types: type 1, type 
0, and type 2. By suitable numbering we can 
always write 


(22) ay, / ay) < 40/4 < Qn / Ay. 


Thus, type 1 always has a comparative ad- 
vantage in good 1 and type 2 always has a 
comparative advantage in good 2. Type 0 
labor is the “middle” factor in my 1981 
paper. The comparative advantage of type 0 
labor depends on whether p exceeds, equals, 
or falls short of the middle cost ratio. I will 
call ay,/dp, the middle ratio. .I shali also 
call type 0 labor the middle factor. 
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The price ratio p in equilibrium must be 
in between the extreme cost ratios. When p 
does not equal any cost ratio, Graham aptly 
described the equilibrium as being in “lim- 
bo” (see Graham, 1948, p. 52). Thus, we 
define a limbo ratio as any p not equal to a 
cost ratio. 

How does the third factor shape the pat- 

terns of international trade? Without loss of 
generality, we assume 
(23) L/L} > L,/L. 
The home country is still relatively well en- 
dowed with type 1 labor compared to type 2 
labor. With type 0 labor, we have the three 
alternatives: 


(24) L,/Lf > L/L > L,/Lž, 
(25) 
(26) 
It will be useful to refer to a factor whose 


factor supply ratio is in between the ex- 
tremes as one that is “widely distributed.” 


Lo/Lọ > L,/Li > L/L, 


L,/L* > L,/L® > L,/L*. 


THEOREM 7: Assume conditions (22) and 
(23) hold. If laborers of the same type have 
the same taste, indeterminate trade is mini- 
mized, there is actual international trade, and 
condition (24) is satisfied, then the home 
country will export good 1 and the foreign 
country will export good 2. 


Start with the no-trade equilibrium , where 
L,/L¥ = L/L = L,/LF. By Corollary 1, 
we know that moving factor endowments 
from one country to the next does not affect 
the equilibrium. p. To satisfy condition (24), 
where the middle factor is widely distrib- 
uted, we merely move a bit of type 1 labor to 
the home country and a bit of type 2 labor 
to the foreign country..As in Theorem 2, the 
key idea in the proof is that when factors 
move output changes are more asymmetric 
than demand changes. Consider first the case 
in which p is in limbo. In that case, both 
labor types will be specialized. Thus, in the 
home country, the output of good 1 rises and 
the output of good 2 falls. The opposite 


cree tn tl 
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happens in the foreign country. Accordingly, 
the home country must now export good 1 
and the foreign country must export good 2. 
Consider now the case where p is not in 
limbo. If p equals one of the cost ratios, 
then one labor type will be diversified. 
Without loss of generality, suppose p= 
A>,/A, SO that type 2. labor is diversified. 
Moving type 1 labor to the home country 
need not create trade because of compensat- 
ing shifts in the production of good 1 by 
type 2 labor. But if enough type 1 labor is 
sent to the home country until type 2 labor 
is specialized in good 2 in the home country, 
as in Theorem 2, then if minimal trade exists 
it must be that the home country exports 
good 1. 

Figure 5 illustrates Theorem 7 for the case 
in which p is in limbo and tastes are identi- 
cal and homothetic between countries. The 
world transformation curve is ABCD; the 
home country transformation curve is abcd. 
The home country is abundant in factor 1 
relative to factor 2 because the line segment 
ab is proportionately longer than AB and 
the line segment cd is proportionately shorter 
than CD. As long as condition (24) is 
satisfied, the home country’s production 
point c must be southeast of its consump- 
tion point e. 


Now let us consider the case in which the 
world equilibrium p equals the middle fac- 
tor’s cost- ratio. 


THEOREM 8: Assume conditions (22) and 
(23) hold. If laborers of the same type have 
the same taste, indeterminate trade is mini- 
mized, there is actual international trade, and 
P = 4o,/@ 2, then the home- country will ex- 
port good 1 and the foreign country will export 
good 2. 


To prove this we can apply Theorem 7. 
Suppose we. start with condition (24). We 
thus obtain the trade pattern that the home 
country exports good 1 provided there is 
minimal trade. It is possible, of course, for 
the equilibrium to involve no trade. But the 
statement of the theorem implicitly rules out 
_ this case by having factor endowments far 
enough apart. By redistributing the middle 
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factor (type 0 labor) between the countries 
we can generate conditions (25) or (26) from 
the initial position. The intuition of the re- 
sult is clear: redistributing type 0 labor has 


-no impact on the trade pattern if p = ay) /dq) 


because type 0 labor is then self-sufficient. 
Being self-sufficient, type 0 labor has no 
impact on international markets. Thus, no 
matter: what the supply or distribution of 
type 0 labor, the trade pattern will be unal- 
tered by moving from’ (24) to (25) to (26). 

I now turn to a result intermediate be- 
tween Theorems 7 and 8. This result gives us 
a necessary condition for a Leontief para- 
dox. In this context, by a Leontief paradox I 
mean that the home country is relatively 
abundant in type 1 labor relative to type 2 
labor (i.e., condition (23) holds), but that the 
home country nevertheless imports good 1. 


THEOREM 9: Assume conditions (22) and 
(23) hold. If laborers of the same type have 
identical tastes and indeterminate trade is 
minimized, then the home country exports 
good 1 and the foreign country exports good 2 
if (i) Pp<@q/ag2 and conditions (24) or 
(26) hold; or (ii) p > 4, /Go, and conditions 
(24) or (25) hold. 


We only prove part (- part (i) is sym- 
metrical. Start with (24) so that from Theo- 
rem 7 we know the foreign country (which is 
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FIGURE 6 


relatively abundant in type 2 labor com- 
pared to type 1 labor) exports good 2. Since 
the value of good 1 is less than type 0’s 
relative cost, the middle. factor has a com- 


_ - parative advantage in good 2. Now redistrib- 


ute the middle factor to the foreign country 
until condition (26) becomes relevant. Since 
the foreign country is receiving more of a 
factor that exports good 2, its exports of 
good 2 must increase. Thus, the trade pat- 
tern will remain the same.. 

Trade pattern reversals are clearly possible 
when p does not equal the middle cost ratio 
and enough of the middle factor is available 
to reverse the trade pattern. In the case of 
P <Q, /op, by sending the middle factor to 
the: home country, the trade pattern can be 
reversed, 

In Figure 6, an example of. a Leontief 
paradox is illustrated. The world transforma- 
tion curve is ABCD; the home transforma- 
tion curve 1s abcd. The ray OB is the com- 
mon income-consumption path. Clearly, the 
home country imports good 1. But by 
eliminating the middle factor, we can see 
that L,/L,>T7,T,> L*¥/L*. The dotted 
- transformation curves A’C’D’ and a’c’d' 
show the world and home transformation 
curves without the middle factor. Since OC’ 
is steeper than Oc’, it must be that without 
the middle factor the home country would 
export good 1. 
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VI. Conclusions’ - 


o I have shown that the r xn Ricardian 
model generates all of the essential features 
of H-O: trade reflects factor endowments, 
trade brings about factor price equalization, 
and trade benefits the. abundant factor end 
hurts the scarce factor. The advantages of 
the r X n Ricardian model are many. First, it 
offers a stripped-down version of the factor 
endowments theory that can be used for 
introducing complications such as uncer- 
tainty or product differentiation. For exam- 
ple, on my own research agenda I plan to 


examine the consequences of costly informa- 


tion regarding the comparative advantazes 
of different factors. Second, unlike H-O, 
numerical solutions are easily constructed. 
This should make an algorithm for comput- 
ing world equilibrium in the r X n case quite 
feasible. Third, the model can be used to 
discuss the determinants of trade in a three- 
factor context—a difficult problem in the 
H-O model. Fourth, the model generates 
clear-cut relationships between commodity 
prices and real factor rewards, unlike the 
H-O model when the number of factors ex- 
ceeds two. Fifth, the model suggests new 
ways of looking at the gains from trade in 
relation to the size of country. Sixth, it is 
likely that the simpler approach to the factor 
endowments theory might suggest theorems 
that may hold in the more general context of 
an H-O model. 
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Hysteresis: in Import Prices: > 
The Beachhead Effect 


By Kiani BUDND 


“This paper shows that temporary exchange - rate fluctuations can have persistent : 
(ie. hysteretic) effects on trade prices and quantities. Specifically, if market- -entry - 
costs are sunk, sufficiently large real exchange rate shocks can altér domestic. ` 
market structure and thereby induce hysteresis. This simple idea has strong 

: implications for exchange rate theory, trade policy, and the estimation. of trade 
equations. Empirical evidence suggests that the recent dollar overvaluation in- | 


duced hysteresis in U. S. import prices. 


International economists typically assume 
that temporary real exchange rate ‘shocks 


.can: have only’ temporary” real - effects— 


and no effect at all on the underlying. struc- 
ture. of the economy. For imstance, in the 
well-known Rudiger. Dornbusch (1976) over- 
shooting model, ‘a’ ‘one-time money stock in- 
crease leads to a temporary real deprecia- 
tion. However, in the long run the shock ‘i is 
assumed to be- neutral, that is, to-háve- no 
real effects. In the empirical trade literature, 
researchers implicitly assume that their trade 
volume and ‘pricé equations’ are “stable 
through time. In particular,’ they ignore‘ the 
possibility that exchange rate shocks: might 
themselves cause structural ` ores in the 
equations: 

This paper iois that, even‘in a danie 
“off-the-shelf”? industrial organization model, 
this’ assumption is unfounded;: if market- 
entry costs are sunk, exchange rate shocks 
can ‘alter. domestic market: structure and 
thereby have persistent real effects. In: other 
words large, temporary exchange rate shocks 
may result in hysteresis in import prices and 


“Columbia University - Business School, .Columbia 
University, New York, NY 10027. I gratefully acknowl- 
edge the comments and suggestions of Paul Krugman, 
Avinash .Dixit, Gene Grossman, Jeff Sachs, Rob 
Feenstra, Ron Jones, Alan Stockman, Steve Ambler, 
Cathy Menn, Harry Foster, Nils, -Gottfries, -Assar 
Lindbeck, Rich Lyons, Jim Levinshon, Alberto Giovan- 


nini, and Bill Helkie. 


quantities.’ This simple idea has strong im- 
plications for exchange rate theory, for trade 
policy, and for the estimation of trade: equa- 
tions as the present paper shows. `- i 
‘Moreover, to show that the theoretical 
point is not just empirically empty theoriz- 
ing, this paper presents evidence which sug- 
gests that the recent dollar overvaluation is 
an example of a hysteresis- -inducing shock. 
The real U.S. dollar exchange rate (based on 
wholesale price data) rose about 20 percént 
in the-18 quarters leading up to 1985:1, and » 
fell. althost as much in ‘the subsequent ten 
quarters. This dollar cycle has ‘had ‘rather 
puzzling effects on import prices. The ap- 
preciation lowered real import prices, and 
the depreciation has partially forced: ‘them 
back up.’ However, since the early ‘1980s, 


‘import prices appear to have’been below the 


773 


level predicted by the historical’ relationship. 
This paper formally shows that the pass- 
through relationship (of real exchange ‘rates - 
to real import prices) has indeed shifted in. 
the 1980s, and that the naturé and timing of 
the shift is consistent with the market struc- 
ture changes predicted by the model. A di- 
rect test of the model is not performed due 
to-data limitations. 

The notion that large | exchange rate 
changes have a qualitatively different impact 


‘Hysteresis is the failure of a property changed by an 
external agent to return to its original wale when the 
cause of the change is removed. 
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on trade than do small changes is not novel. 
Guy Orcutt (1950) conjectures that large 
price changes have a quantum effect on im- 
port volume. Krugman (1986) conjectures 
that the strong dollar-induced hysteresis in 
the U.S. trade balance is due to dynamic 
economies of scale. 

A preliminary draft of this paper, Baldwin 
(1986), presents two versions of a model (the 
beachhead or sunk-cost model) which dis- 
plays hysteresis in import quantities. The 
present paper extends the latter by allowing 
for an infinite horizon, a more general de- 
mand structure, and the presence of home 
firms. Moreover, it shows that hysteresis can 
occur in import prices, as well as quantities. 

A number of papers have extended the 
original beachhead framework. Baldwin and 
Krugman (1986) allow for a stochastic ex- 
change rate process, and more importantly 
shows: that hysteresis in. imports leads to 
hysteresis in the equilibrium exchange rate. 
Dixit (1987a, 1987b) uses a related setup to 
show that quantity hysteresis.can occur when 
the exchange rate follows a continuous-time 
random walk. Harry Foster and Baldwin 
(1986) examine a model of marketing capac- 


_ ity constraints in which hysteresis in quanti- 


ties occurs. Charles Bean (1987), using a 
modified beachhead model, finds evidence 
that the 1978-1981 sterling overvaluation 
had hysteretic effects on British exports, — 
The paper is organized in four sections. 
The first presents the model. The second 


studies the positive effects of exchange rate 


changes. The third presents some empirical 
evidence. The last section presents some con- 
clusions. | 


I. The Beachhead Model 


The basic economics of the model consists 
of two assertions: (i) real exchange rate 


_ Shocks can alter a country’s market struc- 


ture, and (ii) market structure affects import 
prices and volumes. We use a modified 
Michael Spence (1976) and Dixit and Joseph 
Stiglitz (1977) (S-D-S) framework to model 
the industry structure and imperfect compet- 
ition in a partial equilibrium setting, Foreign 
and home firms engage in Cournot competi- 
tion in the domestic ae for-a particular 
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good with each firm selling a different S-D-S 
variety. 

Home and foreign production costs (c 
measured in home currency and c* mea- 
sured in foreign currency) are linear homo- _— 
geneous in output. Firms must. also incur a 
fixed, sunk market-entry cost, F, which re- 
flects the cost of the firm- -specific and 
market-specific assets that are required to 
sell in the market. For example, F could 
represent the costs of setting up a distribu- 
tion and service network, of establishing a 
brand name through advertising, or of bring- 
ing the foreign product into conformity with 
domestic health and safety regulations. The 
results would go through as long as at least 
part.of F is sunk. 

Each period the firm is. active, the sunk 
investment requires maintenance represented 
by a fixed maintenance cost, G. For example 
if F represents the cost’ of.a brand. name 
introduction advertising: blitz, G would rep- 
resent the brand name maintenance advertis- 
ing. F and G are incurred in the home 
country and so are independent of the. ex- 
change rate.” If G is not spent the sunk asset 
disappears, that is, the firm exists. We as- 
sume that F >G. 

Since firms are making intertemporal deci- 


sions, the exact nature of firm’s exchange 


rate expectations are crucial to the mechan- 
ics of the model. The most complete ap- 
proach would be to specify a macro model 
(endogenizing the real exchange rate) with 
which firms would form their expectations. 
In many. such macro models, persistent 
changes in domestic (or foreign) monetary 
fiscal policies can result in perfectly antic- 
ipated real exchange rate shocks.* This paper 
omits the macro model, simply assuming 


' that firms perfectly anticipate the exchange 


*If F and G involved foreign currency costs, appreci- 
ations would lower entry casts as well as marginal costs, 
making entry more likely. 

“Allowing for the possibility that: not all the sunk 
asset disappears when the firm exits, would imply that 
the reentry costs are below entry costs. This considera- 
tion would complicate the analysis without providing 
any compensating insight. 

For example, Dornbusch (1976). 
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rate path. This assumption is not crucial to- 


. the hysteresis result:° 

We limit our attention to ees where the 
exchange rate equals e° in period zero, jumps 
in period 1 to #, remains. there for T—1 
periods, and returns to e° in period T for all 
future periods. We refer to this stylized shock 
as V(E,T). An overvaluation is denoted as 
V(A, T), and an undervaluation as V(D,T). 

Edward Chamberlain (1933) argues that 
an increase in the number of varieties in an 
industry shifts down and makes more elastic 
the demand curve for each variety. We there- 
fore include the total number of S-D-S vari- 
eties sold by home and foreign firms in the 
domestic market, m,, as an argument in the 
inverse demand functions. In the spirit of 
the S-D-S model, the inverse demand func- 
tion for each firm 1s-identical although each 
. is for a different variety. 


‘Formally a- typical foreign firm chooses | 


sales, y, (all t), to maximize: 


E R (Plm, yla oF e) = G)— F, 

t=0 
where R=1/(1+r), r is a constant dis- 
count rate, and e, is the exchange rate 
(domestic currency per foreign currency). 
Since e, is deterministic, the issue of whether 
the foreigners maximize profits in home or 
foreign currency is moot. By S-D-S symme- 
try, y, is-identical for all foreign firms. Home 
firms chose sales x, (all z) to maximize: 


09 a 
YR P[m,, x,]x,- ¢,x,- G) F. 
l e 


=0 


We assume the demand curve-is such that 
marginal revenue is decreasing in sales so 
that the second-order condition is met. 
Clearly the home-operating profit function 
(the profit function exclusive of F). OII, has 
m, as its argument. The foreign operating 
profit function, OII*[e,, m,], has m, and e, 
as arguments. We assume OII and OII* are 
smooth and decreasing in their respective 
arguments. 


‘Baldwin and Krugman (1986), and Dixit (1987a) 
make alternative assumptions, ` 
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The period zero equilibrium is taken as 
given and plays the role of an initial condi- 
tion. A prospective entrant calculates what 
its discounted profits would be if it entered 
(choosing sales optimally, based upon a 
period-by-period Cournot-Nash equilibrium) 
allowing of course for the possibility that it 
may exit in the future. If discounted profits | 
are sufficient to cover F, the firm enters. 
Incumbent firms choose sales optimally, and 
if the anticipated revenues are enough to 
cover variable costs, they remain in the 
market. Since the period-by-period sequen- 


tial entry equilibrium concept is Cournot- 


Nash, the multiperiod equilibrium is sub- 
game perfect. Ignoring integer constraints, 
defining 


= È R(OM,,[m,4i)) 


co 
S” = pa R'(OT#, Le, 43; Heel); 
i=6 


the entry and exit conditions for home and 
foreign firms in period r are, respectively, 


(1)  S>F, S*>F, 


(2) S.<0, S*<0. 


Clearly there is a gap between the entry 
and exit conditions. The gap implies that 
there is not a unique number of firms inthe 
period-by-period equilibria. This multiplicity 
of equilibria is the key to hysteresis. As we 
shall see below, a large enough V(E, T) will 


‘permanently change the market structure, 


resulting in permanent real effects. 
I. The Equilibrium 


Before studying the effects of exchange 
rate shocks, we calculate the equilibrium for 
a constant, or benchmark, exchange rate, e° 
For convenience, we assume that e° is such 
that c= e%c*.® For this e°; S, and.S,* equals 
S, which is in turn a function only of a 


°This assumption reduces the number of cases which 
must be addressed in determining the impact of V(E, T) 
on m, but it does not alter the main results. 
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constant m,m, (m is constant since e is). 
Figure 1 facilitates the determination of m,. 
S,[m] is decreasing in m since OI and 
OII* are. For m<m,, (1) holds so firms 
would enter. For m > m (2) holds so some 
firms would exit. Any m between m, and 
m, constitutes an equilibrium since. neither 
(1) nor (2) is binding. _ 

Foreign and home firms’ sales, y, arid x $i 
respectively, are the solutions to the Euler 
equations 


(3) 0=P[m,,y] 


+ y,dP[m,, y|/ay,— t? 
| 0 Pinya] 
+x; ,OP{ my, x 11 /8x,- Cy 


The benchmark prices, P* and P, are equal 
to P[m,, yp] and P{[m,, x,], respectively. 


_ A. i gel eee Effects of K 
` Rate Shocks 


Next we study the link between exchange 
rate fluctuations and m. As we shall ‘show, 
V(E,T) fail into two types: V(E,T) which 
cause no entry or exit (we define these .as 
small exchange rate changes), and those 
which do (we call. these large exchange rate 
_ changes). Large V(E,T) themselves fall into 
two categories: those where m°' changes in 
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period 1 and stays permanently at the new 


level, and those where m? jumps up in period oo 


1 and then falls back to m, | 

To facilitate. the characterization. of the 
exchange shock-market structure link, we de- 
fine S.* during an undervaluation and over- 
valuation as S,*(D,T) and S*(A,T) re- 
spectively. Several. properties of S*(A,T) 
and S*(D,T) are of interest: (i) they are 
monotonically decreasing in A and D, re- 
spectively. (for allr <T); (ii) S*(A,T) is 
increasing :in T, and S.*(D,T) is decreasing 
in T; and (iii) S*(A,T) is nonincreasing, 
and S.*(D, T) is nondecreasing through time 
(forall r >1). Properties (i) and (ii): fol- 
low directly from the definition of V(E, T) 
and:the properties of OII*(e,; m,):.To dem- 
onstrate:.(iii), suppose on the ‘contrary, 
S7_;-1(4,T) <SP_ (A, T): Since e731 . 


_ eq~ the supposition can hold only if my_; 


<mMmy_;~;. This in turn implies exit occurs in 
period T — i, so S#_;(A,T) = 0, or S;_,; = 0. 
But then the supposition (or mp_;<My_;_1) 
implies, that Sž; (4, T) (or Sy_,_1) is 
negative. This is a contradiction, since exit 
ensures that they remain nonnegative. A 
symmetric argument shows that 5.*(D, T’) is 
nondecreasing with time. 

We consider first the set of small V(E, T ). 
We can ignore S., since V(E, T) affects it 
only through changes in the m,’s. The sets 
end points, A’ and. D’, are given by 
SF (A'T) = F, and S*(D', T) = 0 for m, = 

m?. A’ and D’ depend on m° as well as on 


T. Specifically by (7) and (ii), the longer the _. 


overvaluation is, the closer are A’ and D’ to 
e?, and the closer m” is to m,(m,); the 
closer is A'( D^ to e®. .., 

Property (7). implies that for all V(E, T), 
where A' < E < D’, neither the entry nor exit 
condition are, binding in period 1. For any 
small 4 < e°, S*(A,T) falls over time up to 
t=T Where 'SŽ(A, T)= Sam? ). For small 
D > e°, S*(D,T) rises over time to S,(m°). 
Clearly then neither (1) nor (2) ever binds, so 
m will not change. This finishes our char- 
acterization of small exchange rate shocks. 

Next we characterize the first type of large 
V(A,T). Figure 1 shows an example. S, 
depends only on m’s so S, = S,. The VA, T) 
shifts S;* up to S;*, thus driving m° to’ my. 
By (iii S,* shifts back to S,, yet m remains 





i 
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at m, since neither (1) nor (2) holds after 
t =1. We shall show that any V(Z,7) which 
causes m° to jump to an m, within the 
m,—m.,, Tange is a member of this first type. 
If m is to jump to m, and stay there, then 
(1) and (2) must not bind after r=1. By 
definition of a large V(A,T), S*(A,T) = F. 
By (ii), S*(A,T)<F after r=1, so (1) 
does not hold regardless of the size of my. 
By definition. of V(A,T), S*(A,T)=S,. 
Thus if m,<m,, S*(A, T)>0 for all 7, 
so (2) never binds. When :m,=m, then 
S#(A,T)=0 with m= m. Similar rea- 
soning indicates that for all V(D, T) where 
m,>m,, m jumps down to m and remains 
there. In both cases, home firms never enter 
or exit since m stays in the m,—m,, range. 


We shall show that the second category of: 


large shocks involves. V(A,7) which cause 
m, to be greater than m,. If m, > m, then 
m must fall to m, by period T. Otherwise 
S*(A,T) would be negative. Property (iii) 
implies that m falls from m, to m,, and 
then remains there. For such V(A,T) all 


‘home firms exit, since with m, > m, S, <0. 


Note that no VD, T) can drive m, below 
M because of home firm caty, 


3 B. Price Effects of Small and Large ` 
' ae Rate Changes 


To summarize, small V(E; TY causes no 
change- in market structure, while ` large 
VCE, T) do. An exchange rate shock can be 
“large” ‘when it is very big (E is very differ- 
ent from e°) or-very- long (T ‘is large). Large 
shocks: can change`the size and home /for- 


eign composition’ of m. We turn next to the | 


effects of exchange rate movements on ane 
price of imports. 

Rearranging (3) implies import prices are 
related to e y 


* 
C Ej 


os a aot 1 
COME E A 
re ae b—1/e[m,, y,] 


The perceived elasticity, £, is a function of m 
(due to the Chamberlain assumption) and y 
(to allow for the nonconstancy of the de- 
mand elasticity). | 

The time paths of P, e, and: m are de- 
picted in Figure 2A for a small exchange 
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FIGURE 2A. TIME PATHS OF e, m, P FOR 
SMALL OVERVALUATION 
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FIGURE 2B. TIME PATHS OF e, m, P FOR 
LARGE OVERVALUATION 


rate shock. At time zero all firms realize that 
e will follow. the path. shown. In response 
they lower import prices. Since the shock is 
small (i.e., A’ < E < e?) there is. no change in 
m $O that. when the exchange rate returns to 
e, P returns to its original value. Figure 2B 
shows the time paths for a large shock. Upon 
announcement of the overvaluation, m 
jumps up. The price falls due to the marginal 
cost reduction (lower e reduces foreign costs 
measured in home currency), and to the 
market structure change (more competition 
forces down profits margins). After the over- 
valuation passes, the marginal costs return to 
their original level. However, m is still higher 
so the post-shock price is permanently lower 
than the pre-shock price. This is hysteresis. 
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FIGURE 3. THE U.S. DOLLAR REAL EXCHANGE RATE 


II. Empirical Evidence 


The beachhead model.argues that a large 


enough appreciation can induce entry and 
that the presence of additional entrants can 
affect pricing behavior. In a standard time- 
series regression of the relationship between 
the exchange rate. and import prices this 
event would appear as a structural break. 
The unprecedented magnitude and duration 
of the 1980s’ real dollar shock provides one 
opportunity to test the predictions of the 
model. . 

Clearly, earlier real exchange rate shocks 


could conceivably have induced hysteresis. 
However the 1980s’ shock dwarfs previous . 


swings; lending support to the notion that it 
is the first large (as defined above) shock 
since the breakdown of Bretton Woods.. Fig- 
ure 3 shows that between 1971 and 1980 the 
real dollar depreciated relatively steadily, 
apart from a number of swings which: are 
small compared to the 1980s’ swing. Krug- 
man and Baldwin (1987) argue that the 
1970s’ dollar decline does not reflect a shift 
in competitiveness (which would be required 
to induce hysteresis) but rather a bias. in 
foreign productivity growth. Regardless: of 


the cause, Catherine Mann (1986) finds that 


the U.S. pass-through relationship has been 
quite stable prior to the 1980s. For these 
reasons, we test only for hysteresis during 
the 1980s. . | : l 

The evidence in this section does not di- 
rectly test the model. It is simply intended to 
establish 1) that the historical relationship 
between the exchange rate and U.S. aggre- 
gate, non-oil import prices has shifted in the 


; 


1980s, and 2) ihat the nature of the shift is 


not inconsistent with the predictions of the 
model. Mann (1986, 1987a, 1987b), Foster 
(1986), and Robert Feinberg (1987) find 
strong evidence of parameter shifts in import 
price pass-through equations at both the ag- 
gregate and industry level. These studies are 
ad hoc im that they contain no formal ex- 
planation for the cause, timing, or exact 
nature of the parameter shifts. Related liter- 
ature supports the beachhead model by 
showing that market structure affects foreign 
firms’ pricing behavior (Dornbusch, 1987; 
Feinberg, 1986; and Mann, 1987a).. 


A. Three Testable. Implications 
Before turning to the data, we dis- 


cuss three testable implications of the model. 
Section II shows that’ m, and therefore 





or 


(6) PA at 
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e, should jump up upon “announcement” 
of the overvaluation. The structural break 
should therefore occur upon announcement. 
Operationally, we assume that firms realized 
sometime in the early 1980s that persistent 
changes in the international mix of fiscal and 
monetary policies would lead to a prolonged 
dollar overvaluation. Thus: 


Implication 1: A structural break in the 
pass-through equation should have occurred 
sometime in the early 1980s. 

This implication is robust to the exact 
details of the imperfect competition model 
chosen. As long as there is a multiplicity of 
equilibria and real exchange rate shocks can 


shift the economy between these equilibria, . 
then implication 1 would hold in the broad 


class of models where pricing is affected by 
market structure. 

To formulate more specific implications 
about the structural break, we extend the 
Section II model to account for lagged 
exchange rate effects and aggregation. All 
Section I] assumptions are maintained. Ad- 
ditionally we assume foreign firms face de- 
livery lags and stochastic demand curves. 
Foreign firm j’s problem is to 


(5) maxi 2 RRP | m,n yi Orde M 
{7} t=0 


x yf — Ce = e|) =i 


where n, is its delivery lag and vj, is the 
variety-specific random demand shock. Note 
that P,,,, is a function of v and m from 
L+R; and y from period ¢. Adopting the 
notation that x,,- r is the expectation of x, 
formed at time ¢—1, the typical Euler equa- 
tion for y/ is 

= RT EEE eee , 

EAE) 


Here we have assumed a constant elasticity 
demand curve, where the e/ is a non- 
stochastic function of industry h’s m. As- 
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suming firms face a variety of delivery lags 
ranging from 0 to N periods, the log of 
ae aggregate import price. index, P,= 

TT) aL Pity n1”, CI is the number of firms, 07 
is firm j’s weight in the index) will be re- 
lated to current and. lagged values òf an 
index firms’ marginal costs, C,*; = 
H jev,[e*ie,_ I where Y, is the set of firms 
with a delivery lag of i periods. 

Assuming rational expectations, and using 
standard macroeconometric arguments, it is 
easy to derive the time-series properties of 
the expectational error (u,) when observed 
P’s are substituted for their expectations. 
Namely, u, follows a moving average (MA) 
process of order N—1. Since u is not or- 
thogonal to the regressands, we must instru- 
ment. Rationality also implies that any vari- 

able lagged N periods or more is a potential 
instrument. 

Empirically we use an import price index, 
P, and a marginal cost proxy, C,*’, which 


we assume are related to P and C* by 


P.=v»P’ and = = 6C,*’*. Defining À= 
(8/v), => per” (T; is the set of firms 
in industry h), H is the number of in- 
dustries, and 9;=(p +E jev,(9/)), the pass- 
through equation is 


(7) log(P’) 


tlle 


a D P; log( G#7) + U. 
i=0 


The constant term is the aa we are 
most interested in. (7) shows the constant 
term is inversely related to the e”’s which are 
directly related to the m’ 5- According to the 
beachhead model, the m*’s should jump up 


- (for industries with low enough F’’s), forcing 


the e”’s up, and the constant term down. 
Thus: 


Implication 2: The structural break should 
take the form of a reduction in the constant 
term of equation (7) beginning sometime in © 
the early 1980s. 
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In the .Chamberlainian framework, ad- 
ditional entry increases the aggregate import 
price elasticity (which is simply the weighted 
sum of the variety-specific elasticities). Also 
each firm has a lower constant term but 
there are more firms, so the aggregate con- 
stant (which is the sum of firm’s constants) 
may increase or decrease. Last, the income 
elasticity shift is ambiguous. This gives us: 


Implication 3: The price elasticity in the 
aggregate import demand equation should 
rise (in absolute value) synchronous with the 
structure break in the pass-through equation. 
The constant term and income elasticity may 
rise, fall, or remain unchanged. 


B. Evaluating the Implications 


To test implications 1 and 2, we estimate 
(7) allowing for a once-off shift in the con- 
stant term via the inclusion of an intercept 
dummy (see the Appendix for data details).’ 
Table 1 presents the two-stage least squares 
(SLS) estimates of (7) using a WPI-based 
costs proxy and allowing for a maximum 
delivery lag of 5 quarters (N = 5 was chosen 
a priori as a reasonable upper bound).*. Since 
the exact timing of the break is not known, 
the equation is estimated for a variety of 
breakpoints. The results provide strong sup- 
port for implications 1 and 2. For each 
breakpoint, the shift in the intercept term is 
significant and of the expected sign. 

The Table 1 results have several problems. 
First, as is usually the case with pass-through 
equations, the point estimates of the lagged 
effects are often negative or insignificant— 
due most likely to multicolinearity. How- 
ever, for none of the negative coefficients can 
we reject the hypothesis that the true param- 


eter is actually positive; nor can we accept 


the hypothesis that their sum is zero. Next, 
the Durbin-Watson statistics are low despite 


*We assume that the 1980s’ shock was a large V(A,T) 
of the first type since not all competing U.S. firms 
exited. 

For instruments, we seed iagued values of the nomi- 
nal exchange rate, the nominal foreign cost proxy, and 
nominal domestic costs. 
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the fourth-order MA correction. However, 
for all but the 1982:1 breakpoint, the values 
lie within the upper and lower bounds of the 


atta 


5 percent points. We therefore cannot accept . 


or reject the positive first-order autocorrela- 
tion hypothesis. | 

Although the WPI-based measure is prob- 
ably a good proxy for -marginal costs, it 
includes only industrialized countries—leav- 
ing open the possibility that the shift stems 
from the exclusion of the newly industrializ- 
ing countries (NICs). Also, between 10 and 
20 percent of U.S. non-oil imports are com- 


modities so the index can be expected to 


perform poorly during periods of large com- 
modity price swings. Additionally WPIs in- 
evitably contain the price of foreign final 
goods which ‘do not affect production costs. 
To..partially redress these problems,. and 


to check that our results are robust to _ 


the specific-cost proxy, we test implications 
1 and 2° on two additional cost proxies: 


one based on normalized unit labor costs . 


(NULC), and one based on consumer price 
indices (CPI). 

NULC provides a direct measure of a 
significant component of firms’ marginal 
costs. It avoids the problem of including 
imported final goods prices, but fails to re- 
flect the cost of imported intermediate goods 
and commodities (especially fuels). Also it 
includes only industrialized countries. The 
third proxy consists of the Federal Reserve 
Board’s foreign costs proxy, which is based 


on CPIs from the G-10 countries and 8 major _ 


NICs: CPIs are a poor proxy for marginal 
costs (inter alia, they include nontraded and 
imported final goods prices); however, they 
are available for a wider‘ range of countries 
and for longer periods than are more direct 
measures. Details are in the Appendix. 
Table 2 summarizes the results for various 
breakpoints and N’s (multicolinearity hind- 


ers precise identification of the lag length). 


The CPI results, like the WPI results, strongly. 
support implications, 1 and 2. The dummies 


are negative and significant in all cases. The. 


NULC data provide only weak support for 
the two implications. In. only 2 of the 16 
cases are the dummies significant at the- 90 
percent level. However, in both cases they 
are negative. In all but 4 of the other cases, 
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Breakpoint 


1980:3 
1982:1 
1982:3 


1983:1 


Notes: 
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TABLE 1— ESTIMATE RESULTS FOR PASS-THROUGH EQUATION ON WPI DATA, N=5 


C. DUMMY LMC .LMC_, LMC_, LMC_; LMC,- 
3.3 —.08 -23 = 2. 4 11 — 06 
(20.5) (-3.3). (AD `(=1.3). (8) (4) (—.2) 
5.1 —.18 -20 %4 22 01 — 12 
G 8) (-21) (-6) (.2) (.9) (0) (-.3) 
= 11 -07 : il 19 11 ~ 13 
ao. 3 (—4.2) (~ a (.6) (2.2) (D (-.8) 
3.3 — 07 08 31 41 04 
43.4 (-40) (- o (3) 80 (—.5) (.2) 


t-statistics in parentheses. 

LMC indicatzs log of marginal cost proxy. 
DUMMY indicates intercept dummy. 

C indicates constant term. 

SE indicates standard error of regression. 
DW indicates Durbin-Watson statistic. 

R? indicates R-squared statistic. 
‘Sample pericd 1975:1-1987:1, quarterly data. 


TABLE 2— INTERCEPT DUMMIES: VARIOUS 
DATA SETS AND BREAKPOINTS 


WPI Unit Labor Cost 
Sample period: (1987:1-1987:1) (1987:1-1986:3) 
Lag Breakpoint 
(N = 7) 1980:3 NA - 
1982.1 "NA p 
1982.3 —** + 
1983.1 ae + 
(N= 5) 1980:3 ~ ESNS NA. 
1982:1 Seer + 
1982.3 Te + 
- 1983.1: = NA 
{N = 4) 1980:3. . —** 2 
1982.1 —** S 
1982.3 ` —** —* 
1983.1 —**- — 
(N = 3) 1980:3 : k = 
- 1982.1 = z 
1982.3 aor y SR 
1983.1 La NA 
Notes: 


elasticity increases in magnitude after breakpoint. 


LMC; 


25 
(1.6) 
— 07 

(-.2) 
— .07 
(—.5) 
—0.3 
(—.2) 


CPI 


(1967:1-1987:2) 


— indicates that intercept dummy is negative, capa that statics demand 


+ indicates that intercept dummy is positive, implying that perceived demand 


elasticity decreases in magnitude after breakpoint. 
NA indicates: the test could not be performed due to nonconvergence. 


** indicates no. change i in constant term hypothesis rejected at 95 percent level. 
_ * indicates rno change in constant term hypothesis rejected at 90 percent level. 





DW 
L2 


0.9 
L7 


1.3 
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.96 
.95 
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TABLE 3—TESTS FOR TIMING OF STRUCTURAL BREAK IN 
PASS-THROUGH EQUATION, N = 5 
WPI ‘NULC CPI 
Rising Falling Rising Falling Rising Falling 
Breakpoint Dollar Dollar Dollar Dollar _— Dollar Dollar 
1980:3 —_ * aw AE + Z 4 _ ke 
1982:1 ~- — ¥ = = _* _ ke 
1982:3 — * ~ A4 = es = _ ke 
1983:1 ae E a = = 2 ee 
` Notes: 


— indicates intercept dummy is negative. 

+ indicates intercept dummy is positive. 

* indicates dummy is significant at 90 percent level. 
** indicates dummy is significant at 99 percent level. ` 


the dummies are negative but insignificant. 
The insignificance of the NULC estimates 
may be due in part to the shorter sample 
period, but also to the nature of the NULC. 
2 Since most fuels are priced in dollars, the 
) NULC excludes a cost component which is 
` not directly affected by the exchange rate. 
Clearly then the NULC underestimates fore- 
ign costs during the strong dollar period 
-(1980-—1987). This argues that the dummies 
may be insignificant because the coefficients 
overestimate the true dummy parameters. 
The beachhead model predicts that the 
parameter shift should have occurred some- 
time during the rising dollar. Mann (1986) 
and Foster and Baldwin (1986) suggest the 
shift occurred at the turning point of the 
dollar cycle. It is not possible to formally 
identify the breakpoint from the data; how- 
ever, it is possible to test these two well- 
specified hypotheses against each other.’ To 
this end we estimate equation (7), with 2SLS, 
including an intercept dummy for the period 
: from the breakpoint to the peak of the dollar 
i and a second for the post-peak period. If the 
. beachhead model is correct, both -dummies 


| "If a test statistic is to have a well-defined distribu- 


model must be correct under both. That is, the hypothe- 
ses must be nested. Searching for breakpoints violates 
this condition. Nevertheless, it may be of interest, that 
for the WPI data the 1982:3 breakpoint had the highest 
R-squared. i 


tion under both the null and alternative hypotheses, the - 


should be negative, and significant; if the 
alternative is correct; only the second dummy 


should be. significant. Table 3 presents the — 


results. 
For the WPI data (which is arguably the 
best proxy) the alternative is clearly rejected. 


~~ 


For all the various breakpoints both .dum-_ . 


mies are negative, and in all but one case 
they. are significant. The NULC data tend to 
reject both hypotheses. In all cases the dum- 
mies are insignificant. In three cases both 
dummies are negative while in one case the 
first is positive and the second is negative. 
Again the low degrees of freedom and biases 
may account for these results. 

The CPI data are ambiguous. In one case 
both dummies are negative and significant. 
In the other cases the first dummy is insig- 
nificant and in one case it is actually posi- 
tive. The divergence of the CPI and WPI 
results may be due to the composition of the 
CPIs. If foreign currency production costs 
are constant, a rising dollar increases the 
competitiveness. and therefore the sales of 
foreign firms. However the increased sales 
tend to put upward pressure on the foreign 
production costs (for example, wages). Since 
CPIs place substantial weight on nontraded 
goods (housing and services) which are not 
directly subject to the upward pressure, the 
CPI underestimates foreign production costs 


during rising dollar periods. Consequently, 


the point estimates on the first dummy may 
be insignificant since they underestimate the 
true parameter. 
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TABLE 4— STRUCTURAL BREAK TESTS ON IMPORT VOLUME EQUATION, FIRST DIFFERENCES 
Estimation on Subsamples 
Sample , Sum of Price 
Case Period C (t-stat) GNP (t-stat) Terms (t-stat) SE DW R2 
1 67:1-87:2 .004 (0.7) 2.07 (4.2) — 0.80 (— 2.1) .04 2.6 34 
2 67:1—-80:3 .003 (0.3) 1.91 (2.7) — 0.69 (—1.1) 05 2.6 32 
80:4-87:2 .000 (0.0) 2.40 (3.1) — 1.08 (-1.1) .03 2.1 35 
3 67:1~82:1 .003 (0.3) 1.92 (3.3) ~— 0.63 (-1.2) 05 2.6 32 
82:2—-87:2 — 026 (—1.3) 2.93 (2.8) —2.10 (—1.8) 03 3.1 46 
4 67:1~-82:3 .003 (0.5) 1.89 (3.4) — 0.70 (—1.4) .05 2.6 32 
82:4—87:2 — 029 (— 1.4) 3.58 (2.8) -- 1.63 (— 1.3) .03 2.4 50 
5 67:1-83:1 .003 (0.3) 1.94 (3.4) — 0.67 (— 1.4) .05 26 = 3 
83:2~87:2 ~ 021 (—1.7) 2.51 (3.1) — 2.26 (—2.4) .02 1.6 73 
Estimation with Dummies 
Sum of Price 
Breakpoint Intercept Dummy Dummies 
1980:3 — - 
1982:1 = 
1982:3 + 
1983:1 + 
Notes: 


Price term is sum of coefficients on current and 6 lagged terms. 


C indicates constant term. 


None of the dummies are significant at the 90 percent level. 


Next we turn to implication 3 by testing 
an aggregate import demand equation for 
parameter shifts.’ Specifically, working with 
first differences, we regress the log of non-oil 
import volume on the log of real U.S. GNP 
and the log of current and 6 lags (quarterly 
data) of relative import prices.!’ The lag 
coefficients are constrained to follow a 
third-order polynomial (data details are in 
the Appendix). 

Table 4 presents two types of evidence. 
The first line shows the point estimates and 
t-ratios for the import demand equation 
estimated on the entire sample period 1967:1 
to 1987:2. The next 8 lines show how they 
change when the same equation is estimated 
on pre-and post-break data. For all four 


a standard assumption used to identify the import 
demand equation is to assume that supply is infinitely 
elastic. l 

"Imports and GNP are trended, so the asymptotic 


distribution of the estimator is not well-defined. First. 


differencing removes the time-series’ explosive compo- 
nent. 


breakpoints, the post-break demand is more 
elastic, providing some support for implica- 
tion 3. However only in case 5 are the 
parameter shifts statistically significant. The 
second type of evidence is the results for 
import demand equations which include 
dummies for the constant and price elasticity 
terms. Slope dummies are allowed for the 
current and lagged price terms. Only the 
sum of the lags and dummies are reported.’ 
The intercept and slope dummies are insig- 
nificant in all four cases and are evenly split 
between positive and negative point esti- 
mates. 

Table 4 provides little support for implica- 
tion 3. This does not necessarily cast doubt 
on the basic hysteresis hypothesis because 
implication 3 is not robust to small changes 
in the market structure assumptions. As is 
well-known, in a symmetric Cournot equi- 


‘2As usual the point estimates on lagged price effects 
are often negative or insignificant due most likely to 
multicolinearity. 
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librium with homogeneous products, each 
firm faces the total demand elasticity multi- 
plied by the number of firms. Additional 
entry makes each firm face a'more elastic 
demand curve but does not shift the aggre- 
gate curve. To make our basic theoretical 
point most clearly, we utilized the familiar 
Chamberlainian setup. If, as in Baldwin 
(1986), we had worked. with homogeneous 
products, no volume equation shifts would 
be expected. 


Tables 1 and 2 indicate that the elasticities _ 
perceived by individual firms increased; but 
Table 4 indicates that the aggregate elasticity ` 


did not. One interpretation of these results is 
that the most of the new entrants entered 
markets marked by homogeneous goods. 

IV. Conclusions 


This paper shows that in a simple in- 


dustrial organization model, large exchange ` 


rate shocks can have persistent real effects, 
while small shocks cannot. In particular it 
shows that large exchange rate movements 
should be correlated with parameter shifts in 
standard estimated trade equations. More- 
over we conjecture that the possibility of 
hysteresis has theoretical implications for 
several fundamental issues in international 
economics. Further theoretical research is 
required to explore this conjecture. 
Empirical tests find evidence for the pre- 
dicted structural breaks in the U.S. . pass- 
through equation in the 1980s, although not 
for the import volume equation. In. particu- 
lar, we find evidence that the structural: break 
in the pass-through equation occurred in the 
rising dollar phase rather than in .1985 as is 
commonly asserted. Nevertheless, the tests 
have little power against alternative hypothe- 
ses so the breaks may be due to causes 
totally unrelated to the beachhead model. 
Further empirical work is needed to directly 
evaluate the model. Direct. tests require 
time-series data on the number of varieties 
of imported goods and their close substitutes 
on an industry level. Unfortunately, such 
data (or good proxies) appear to exist only 
for a few industries (for example, automo- 
biles). A direct test of the model on macro 
data therefore appears to be impossible. 
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Finally, the beachhead model focuses on 


_ supply-side factors, yet empirically demand- 


side factors may be even more important. In 
the familiar experience-goods framework, it 
seems likely that real exchange rate shocks 
could cause persistent changes in consumer's 
information sets, and thereby have hysteretic 
effects. Additional research is needed to ex- 
plore this conjecture. 


APPENDIX 


-Figure 3 is based on the Federal Reserve Board’s 


.foreign cost proxy converted to dollars and divided by 


the U.S. GNP deflater: The -Board’s proxy is a trade- 
weighted index of CPIs from the G-10 and Mexico, 
Brazil, Singapore, Hong Kong; South Korea, Philip- 
pines, and Malaysia. Table 1 uses the NIA non-oil 
import price and a dollar-denominated, import-weighted 
marginal costs proxy made from IMF data on manufac- 
tured goods WPIs from Canada, Japan, Austria, Bel- 
gium, Denmark, Finland, France, Germany, Ireland, 
Italy, Netherlands, Spain, Sweden, Switzerland, and UK. 
Both measures are deflated by the U.S.-manufactured 
goods WPI. For lack of a better measure, we ‘use the 
NIA deflater (which is a variable weight index’ based on 
unit indices), Shifts in import commodity composition 
may contribute to the parameter shifts. This cannot be 
the whole explanation since many studies show that 
even industry-level pass-through equations (where fixed 
weight indices are used) have shifted. 

Table 2 NULC -data is a -dollar-denominated, 
import-weighted index of the IMF NULC. data from 
the above-mentioned 15 countries and the NIA deflater, 
both divided by the U.S. NULC. 

Table 4 data are the NIA non- -oil import value 
converted to volume by the corresponding deflater; and 
the relative price term is the NIA deflater divided by the 
U.S. GNP deflater. These data choices are standard 
(Bill Helkie and Feter Hooper, 1986) but subject to 
well-known measurement error biases. However, there i is 
no reason to suspect that the biases have changed, so 
the structural break tests are still valid.. Li 
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The Theory of International Economic Sanctions: 
A Public Choice Approach 


By WILLIAM H. KAEMPFER AND ANTON D. LOWENBERG* 


Both economists and political scientists 
have expressed considerable skepticism about 
the effectiveness of international economic 
sanctions as a means to bring about eco- 
nomic dislocation and desired political re- 
sponses in the target country.! It is generally 
pointed out that sanctions are costly to the 
sanctioning country as well as the target, 
that substitution possibilities in world mar- 
kets diminish the impact of boycotts, and 
that severe sanctions can induce perverse 
political responses in the target country 
whereby its citizens “rally around the flag” 
and lend increased political support to the 
ruling regime. | 

This traditional view of sanctions, how- 
ever, is premised on an “instrumental” the- 
ory, according to which the real intent of 
sanctions is to bring about policy change in 
the target nation through imposing the 
severest possible economic harm. One pur- 
pose of this paper is to propose that sanc- 
tions might have an altogether different goal 
—namely, to serve the interests of pressure 
groups within the sanctioning country. While 
some of these groups might derive pecuniary 
benefits from the imposition of sanctions 
(for example, producers of import-compet- 
ing goods gain from a ban on imports), 
others obtain utility directly from taking a 
moral stance against some other nation’s ob- 
jectionable behavior. Per Lundborg (1987), 
following Johan Galtung (1959), has labeled 
this latter motive “expressive,” as opposed 
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Clyde Hufbauer and Jeffrey Schott, 1985. 
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to instrumental. Especially when it is re- 
called that trade interruptions which have 
high costs to the target country are also 
likely to catry heavy costs for the sanction- 
ing country, it is not surprising that the 
sanctions actually adopted often appear in- 
effectual. 

However, a second purpose of this paper 
is to show that this appearance of ineffectu- 
ality might be illusory. Sanctions that create 
minimal economic hardship can still gener- 
ate political change. If we take the same 
public choice framework which we use to 
explain the adoption of sanctions in the 
sanctioning country and apply it to analyze 
the political outcome in the target country, it 
soon becomes clear that sanctions can com- 
municate signals or threats, not necessarily 
entailing severe economic damage, which in 
turn produce policy changes. Thus, even 
sanctions which have little economic impact 
in the target country can induce desired 
political responses if they are designed to 
selectively affect the appropriate interest 
groups. Much of the traditional wisdom on 
sanctions implicitly assumes that their in- 
tended purpose is instrumental—that their 
real goal is to impose maximum economic 
harm in the target country. Thus, for exam- 
ple, Hufbauer and Schott (1985), maintain 
that successful sanctions episodes are gener- 
ally those in which heavy costs are imposed 
on the sanctioned nations. The analysis de- 
veloped in the present paper suggests this 
might not be so. Nevertheless, our con- 
clusions @re consistent with another of 
Hufbauer and Schotts generalizations— 
namely, that sanctions which are very costly 
to the sanctioning country are unlikely to 
succeed, precisely because, according to our 
analysis, such sanctions are often designed 
deliberately to be ineffectual. 

We use an equilibrium model of interest 
group competition within the sanctioning 


-4— 
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country and the target country, in which 
public policy outcomes are explained as a 
function of the relative effectiveness of inter- 
est groups in generating political pressure. 
One purpose of the model is to predict the 
content and level of sanctions imposed by 
the sanctioning country. For instance, this 


-approach might be used to explain why 


sanctioners typically restrict imports from 
the target country rather than exports to that 
country, or to explain the types of imports 
singled out for embargo. We use the same 
model to explain the political response of the 
target country, and to account for the politi- 
cal effectiveness of sanctions with weak eco- 
nomic effects. 


I. A Model of the Political Process in the 
Sanctioning Country 


The level of economic sanctions, as an 
international public policy tool, is deter- 
mined by pressures brought to bear in the 
political system by interest groups of differ- 
ing motives. These pressures are the outcome 
of private utility maximization on the part of 
individual members of the interest groups 
concerned. While the groups are defined by 
commonality of interests, the political par- 
ticipation of any group member is tempered 
by a desire to [ree ride. 

Consider some individual i, a member of 
the total population J of some state. This 
individual maximizes utility according to 


(1) MaxU‘=U‘(Y'), Uj>0, Uj <0 
subjectto Y'=Y(S), Y'(0)=E', 
Yi zO, yi, =0, 


where Y is income, E is an initial endow- 
ment, and S is a nonnegative, continuous 
variable measuring the level of sanctions ap- 
plied against some external state. These 
sanctions are essentially specific instruments 
of protection that regulate goods or factor 
flows with the target nation. Given this type 
of regulatory intervention in the market, 
sanctions increase or decrease individual in- 
come at a fixed rate, as a simplifying as- 
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sumption. Since these sanctions are interven- 
tions that generate distortions, 2,Y/ <0. 
That is, they are inefficient, although they 
will increase the income of particular inter- 
est groups at the expense of others. 

The change in utility-produced by a change 
in the level of sanctions is 


(2) 8U‘/8S =U} Yi 20. 


Let I= {J, K, L} such that for all j k,l € 
J, K, L, respectively, ¥/>0, ¥; <0, Y} =0. 
This allows separate demand functions for 
sanctions to be specified for those who bene- 
fit from sanctions and for those who suffer 
from sanctions. For group J, all members’ 
willingness to pay for an additional unit of 
sanctions can be summed to yield 


(3) P,=.D7(S) = 2 8U//8S 


=}, UŻYJ, DJ <0, 
j 


where P, is the unit price of sanctions. This 
is the dollar amount that individuals in group 
J would be willing to spend to achieve a 
certain level of utility-enhancing sanctions 
through the political market. This demand 
curve is downward sloping due to the specifi- 
cation of equation (1). 

Similarly, members of group K are willing 
to pay to avoid sanctions that could be im- 
posed through the political market because 
Y* <0. This implies a demand for reduced 
sanctions, which, when expressed as. a func- 
tion of an increasing level of sanctions, be- 
comes 


(4) Po=D*(S)=—- )8u*/6s 


=- Į Uk- Yk, D&>02 
k 


?This expression is defined as the negative of the sum 
of the marginal utilities of the change in Y from a 
change in S. Essentially, group K loses utility as sanc- 
tions grow. We interpret this, at the margin, as the 
amount that group K members would pay to keep 
sanctions from increasing. 
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The demand for sanctions must take into 
account the public good nature of this type 
of market intervention. The demand func- 
tions (3) and (4) are derived by summing the 
maximum willingness to pay for more sanc- 
tions or fewer sanctions over the members of 
groups J and K. In an attempt to free nde 
on other group members, however, each 
member has an incentive to reveal a lower 
willingness to pay. The extent to which this 
ability to free ride: diminishes the demand of 
a group depends on the political effective- 
ness of that group. This suggests a a 
cation a demand, 


(3^) P,=J(S, E”), J <0, J} <0, 


(4) P,=K(S,E*), K,>0, K,<0, 


where E7 and E* are shift parameters which 
reflect the degrees of free riding in groups J 
and K, which in turn determine the abilities 
of the two groups to produce political in- 
fluence (Gary Becker, 1985). Free riding is a 
function of the size of the group and other 
factors which influence organization and 
enforcement costs (James Buchanan and 
Gordon Tullock, 1962): The more severe the 
free-riding problem, the greater the magni- 
tude of EY and E*. 

Equating the demand for more sanctions, 
(3) or (3’), with the demand for fewer sanc- 
tions, (4) or (4), will clear. the political 
market. The government acts to clear the 
market by raising the level of sanctions above 
its zero minimum. until pressure for higher 
sanctions is offset by pressure against higher 
sanctions. Figure 1 depicts such a political 
market for sanctions, given the following 
additional assumptions. First, assume ini- 
tially that there are no output deadweight 
losses from sanctions. Thus the sanctions are 
merely lump-sum redistributional tools, that 
is, 2,Y;= 0. Second, assume the marginal 
utilities of all individuals in the neighbor- 
hood of S=0 are identical. Thus, for an 
infinitesimally small level of sanctions, since 
the income gain of group J is assumed ex- 
actly equal to the loss of group K, it follows 
that the willingness to pay of group J for 
more sanctions is equal to the willingness to 
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Ps p 
S K 
(Pa) ; D 


(A*) > A) 


FIGURE 1 


pay of group K for jess sanctions. The polite 
cal market therefore clears att DË = D/ = 
S = 0. ! 

An increase in sanctions will be pouty 
valued by group J along D”, but at a de- 
creasing rate because the marginal utility of 
Y is assumed to be decreasing. Similarly, 
group K is willing to pay increasing amounts 
to prevent sanctions from rising, again due 
to the rising marginal disutility of falling Y. 

More typically, the market-clearing level 
of sanctions would be zero due to the non- 
negative lower bound on S. For instance, the 
presence of deadweight costs, implying that 
2, Yi <0, would lead group K to evaluate its 
loss from lower income due to any positive 
level of sanctions at a greater amount than 
the value of the income ‘gain to group J. 
Alternatively, if the government has an ad- 
ministrative cost of applying sanctions, the 
pressure for sanctions not only has to cover 
the pressure against Sanctions, but also pay 
for the administrative costs of the sanctions. 
In. both cases, this amounts to a downward 
shift of D7 with respect to D*, resulting in 
an equilibrium at a negative level of sanc- 
tions—precluded by the assumption of non- 
negativity of S. 

Without differences in the political. effec- 
tiveness oï various interest groups, sanction 
interventions are’ unlikely to be applied by a 
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government responding only to income- 
maximizing political pressure. As Gary 
Becker (1985, p. 344) points out, “...no policy 
that lowered social output would survive if 
all groups were equally large and skillful at 
producing political influence, for the opposi- 
tion would always exert more influence than 
proponents.” However, the political inef- 


`- fectiveness of groups J and K will cause 


their respective demand curves, J(S, E7) 
and K(S, E*), to shift below D7 and DE. If 
J is a small group, each member of which 
gains a significant share of the increase in 
income obtained by an increase in sanctions 
(that is, manufacturers of substitutes for the 
exports of the target country), then J may 
be much more politically effective.than group 
K (comprising the consumers who lose from 
import restrictions). Consequently, if E’ is 
much smaller than E*, the downward shift 
of J(-) below D’ might be small enough 
relative to the downward shift of K(-) below 
D* to make sanctions politically efficient as 
shown in Figure 1 at S*. 

In general, however, political pressure for 
economic sanctions will rise not only due 
to the income effects of sanctions in terms 
of increased consumption possibilities for 
members of certain interest groups, but also 
due to utility enhancing attributes of the 
sanctions themselves.? That is, consider 
sanctions a public good (or bad) that di- 
rectly contributes to individual utility (or 
disutility) by allowing individuals the satis- 
faction (or dissatisfaction) of experiencing 
their nation engaged in a foreign policy to- 
ward a certain goal. This implies a revised 
utility-maximization process based on a re- 
specified utility function 


(1’) 


Differentiating this expression with respect 


U'=U (YS). 


*In addition to the “instrumental” motive of impos- 
ing economic damage on the target country, embargoes 
can have an “expressive” value to sanctioners who 
feel obliged to act for moral or political reasons (Per 
Lundborg, 1987). In the absence of such effects on 


utility, sanctions are analytically identical to country- 


specific protection. 
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to § implies a direct and indirect effect on 
utility from imposing sanctions 


(5)  8U'/8S = BU'/8S|y129 + UY}. 
Assume initially the direct effect, 
8U '/SS l yi0» 


is positive. This implies that the pressure 
brought to bear by the pro-sanctions group J 
will increase, thereby shifting the demand 
for sanctions to J’ in Figure 1. At the same 
time, although group K loses income from 
sanctions, its members obtain direct positive 
utility from the imposition of sanctions. This 
implies a downward shift to K’ in Figure 1. 
Thus when all members of J derive utility 
directly from sanctions, the level of sanc- 
tions will rise to S’. 

However, it could be the case that while 
some members of society gain direct utility 
from sanctions, others suffer a direct diminu- 
tion in utility from the imposition of sanc- 
tions quite apart from any income effects. 
Consider a third group L- for whom Y}=0 
but 6U'/8S 20. This implies a process of 
political strategies and alliances between 
groups J and K and portions of group L 
that augments the pressures of those whose 
income is directly affected by sanctions. In 
general both curves J and K would shift 
upward in Figure 1 and the political market- 
clearing level of sanctions would depend on 
the relative intensities of preference and 
political inefficiencies in the pro-and anti- 
sanctions portions of L. 

Thus the above analysis shows that the 
actual level of sanctions imposed by the 
sanctioning country is a function of the rela- 
tive political influence of interest groups 
within that country, and that the equilibrium 
level of sanctions which is produced from 
the political market-clearing process is polit- 
ically efficient. This implies not only that the 
level or composition of sanctions which 
ultimately prevails will be income reducing 
in total for the sanctioning country, but also 
that there is no reason why it should neces- 
sarily coincide with that level of sanctions 
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required to induce maximum economic harm 
in the target country. _ 

If the purpose of sanctions is to placate 
domestic pressure groups interested in ex- 
pressing their disapproval of the practices of 
a foreign government, this might be achieved 
with minimal deadweight costs to the sanc- 
tioning economy by using sanctions with 
minimal market effects (Thomas Willett and 
Mehrdad Jalalighajar, 1983/84). This can be 
done by applying sanctions against countries 
with which the volume of trade is small, or 
by targeting markets in which the degree of 
substitutability between alternative suppliers 
of goods is high. Also, it is to be expected 
that those interest groups in the sanctioning 
country which are more efficient producers 
of political influence will succeed in harness- 
ing the sanctions strategy to their own 
benefit. It is likely that industries seeking 
protection from foreign imports will ally 
themselves with other interest groups seeking 
to sanction the exporting nation. Thus U.S. 
sugar producers would presumably support 
sanctions against Cuba, and it is surely no 
coincidence that the package of U.S. sanc- 
tions against South Africa (implemented in 
1986) includes restrictions on imports of 
textiles and steel, which industries are also 
important sources of protectionist pressure. 
Our approach also suggests that, since pro- 
ducers are a more cohesive and politically 
effective interest group than consumers, 
sanctions are more likely to restrict imports 
from the target country than exports to the 
target. 


Il. The Optimal Sanction for Target Country 
Policy Change : 


The polity of the target country also com- 
prises two primary interest groups.. One 
of these exerts pressure through the polit- 
ical market in favor of a policy package, 
which we will designate A, and which is 
deemed objectionable by pro-sanctions in- 
terest groups in the sanctioning country. The 
other interest group lobbies against A. The 
model used in this section is identical to that 
developed above, except that the endogenous 
policy outcome which emerges from the 
political market-clearing process is the level 
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of A instead of the level of sanctions. This 
policy package, A, supplied by the state, 
consists in a series of regulations which effect 
redistributions between domestic interest 
groups. In aggregate, these regulations are 
income decreasing. We will again assume 
that the pcpulation J comprises two major 
interest groups--J, whose income is in- 
creased with higher levels of A, and K, 
whose income is reduced by A. 

The political market-clearing mechanism 
in the target country is described by equa- 
tions (1)-(4) and Figure 1, with the ob- 
jectionable policy A replacing S. Again, the 
curves J and K in Figure 1 are drawn to 
reflect the assumption that group J (the be- 
neficiary of A) is more effective at producing 
political influence than group K. This. will 
result in a positive level of the optimal policy 
outcome, <A*. The relative political in- 
effectiveness of group K might occur if that 
group is constitutionally excluded from the 
nominal policymaking process. The only op- 
tions open to members of such a group are 
costly ones like insurrection or civil disob- 
edience, which reduces their revealed willing- 
ness. to pay for lower levels of A. 

Now, assume that economic sanctions im- 
posed on the target country by foreigners are 
income reducing for members of both inter- 
est groups.4 The individual budget con- 
straint must be rewritten as 


(6) Yi=¥(A,S), Yi20, Y¥i<o. 


Thus sanctions have an indirect negative 
effect on utility which works through income 


- (7) 5U'/8S =U} Yj <0. 


*In general this need not be true. For instance, see 
Richard Porter (1979) for a more detailed examination 
of the differential effects of sanctions on income groups 
within the target country. Sanctions restricting imports 
of the target country might increase the market power 
of producers of import substitutes. So too, disinvest- 
ment sanctions can bring about a fire-sale selloff of 
foreign-owned demestic assets leading to a wealth trans- 
fer to those target country residents who acquire them 
at depressed prices (William Kaempfer and Anton 
Lowenberg, 1986). 
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Also, assume that sanctions, in addition to 
their effect on income, are a determinant 
of the political ineffectiveness of groups J 
and K: | 


(8) E’=E"(S), 


EX=E*(S), E*I,<0. 

The functional relationships between the 
political ineffectiveness parameters and sanc- 
tions capture the varying perceptions on the 
part of individual group members of the 
moral message or signal conveyed by sanc- 
tions. Members of group J, who are sup- 
porters of the regime which supplies the 
public good A, might regard sanctions as a 
foreign interference with national sovereign- 
ty, in which case they will “rally around the 
flag” and the group as a whole will expend 
more resources on the production of political 
influence in favor of the policy A. In effect, 
the incentive to free ride within group J will 
diminish and Ej <0. Alternatively, if indi- 
vidual members of group J are discouraged 
in their support for A by.the income-reduc- 
ing impact of sanctions, their incentive to 
free ride in the production of pro-A pressure 
will increase and E/>0. Members of the 
opposing group K, however, might regard 


the imposition of sanctions as a signal of. 


foreign support for their struggle against the 
A-producing government, in which case 
group K will become more efficient in exert- 


ing political pressure and free riding will . 


diminish, so that EË <0. 

Figure 2 shows the possible effects of 
sanctions on the optimal level of A. The 
income effects of sanctions are given by the 
demand functions D7 and DĚ. Both interest 
groups experience a decrease in income, 
which reduces the demand price revealed by 
each, either for the public good A (in the 
case of J) or for reductions in A (in the case 
of K). Both demand curves have therefore 
shifted down from their original positions 
(D! and DS), and the effect on A* is inde- 
terminate since it depends on the relative 
magnitudes of the shifts. In Figure 2, A* is 
unchanged. Clearly, however, it is conceiv- 
able that the income effect of sanctions might 
well entail an increase in A*, if group K 
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experiences a greater reduction in income 
than group J. This implies that, in order to 
be successful in producing a diminution of 
the objectionable policy of the target coun- 
try, sanctions should be designed so as to | 
hurt the prime beneficiaries of that policy to 
a greater extent than those groups opposing 
it.° 

If sanctions signal the support of foreign- 
ers for the struggle against A, the parameter 
EK will decrease and the demand schedule 
of group K will shift up to DX, leading to a 
fall in A* to A*,. As Gordon Tullock (1971) 
has pointed out, anything which increases 
the probability of successful political resis- 
tance or lowers the expected costs to individ- 
uals of political participation will lead to an 
increase in resistance activities. Sanctions 
might serve to transmit a signal to the op- 
position group K that they have the support 
of foreign governments and interest groups, 


> However, if A is an inferior good to group J, then 
the negative income effect will induce an upward shift 
of D7, leading to an increase in A*. For example, 
sanctions that reduce the incomes of white workers in 
South Africa might lead to an increase in the demand 
for regulations protecting them from black labor mar- 
ket competition, which translates into an increased 
“demand” for apartheid (William Kaempfer, James 
Lehman, and Anton Lowenberg, 1987). 


er 
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and therefore reduce their incentive to free 
ride in the collective production of political 
pressure directed against policy A. Further- 
more, if sanctions are applied incrementally, 
holding out the threat of further sanctions in 
the future if the level of A is not reduced (or 
if it 1s promised that existing sanctions will 
be lifted in the future if policy A isre- 
trenched), then a “discouraged rent seeker” 
effect on members of group J might more 
than offset the “rally around the flag” effect.6 
In other words, individuals in group J will 
perceive further pursuit of the policy A as 
increasingly futile and wealth decreasing, so 
that they will have an increased incentive to 
free ride in the production of pro-A political 
influence and E/’ will increase. This group’s 
demand curve will shift down to Dj, leading 
to a further reduction in the optimal level of 
A to A*,. 

Thus, signal or threat effects of sanctions 
operate to bring about changes in A* which 
are quite independent of the impact of sanc- 
tions on the income of the target country. 
Sanctions which generate the greatest eco- 
nomic damage need not necessarily produce 
a decrease in A*, and might even precipitate 
an increase in A*. A large negative income 
effect will cause a large downward shift of 
curves D/ and D¥* in Figure 2, but unless 
group J is hurt proportionally more than 
group K so that D7 shifts down by more 
than DE shifts down, there will be no reduc- 
tion in A*. Thus only sanctions which have 
differential impacts on the supporters and 
opponents of A are able to produce policy 
change in the target country. One way to 
ensure differential impacts is to design the 
sanctions strategy with a view to its signal 
and threat effects rather than just its 
straightforward income effects. A signal of 
support for the goals of the political opposi- 
tion, or threats of further pain in the future 
to the supporters of the regime, will alter the 


‘An example is provided by Ronald Findlay and 
Mats Lundahl (1987) who argue that white South Afri- 
can workers might respond to divestment pressure from 
shareholder groups abroad by conceding ‘to a diminu- 
tion of apartheid in order to prevent erosion of their 
standard of living. 
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political inefficiency parameters applying to 
these two interest groups and thereby pro- 
duce endogenous policy changes in the de- 
sired direction. 


M. Implications and Conclusions 


The configuration of interest groups and 
their differential abilities to generate politi- 
cal pressure within the sanctioning country 
ensure that any trade or investment restric- 
tions enacted reduce income in that country 
due to economic distortions, but are unlikely 
to be designed specifically to impose the 
maximum amount of economic dislocation 
on the target country. Furthermore, the 
structure of interest group politics within a 
given country helps determine whether that 
country will have a high propensity to resort 
to sanctions instead of other foreign policy 
tools, and also which target nations it will 
single out to be at the receiving end of its 
wrath. The type of foreign economic policy 
that is implemented depends crucially on its 
real (as opposed to stated) goal. Thus the 
types of sanctions observed are likely to be 
those which serve the interests of influential 
pressure groups within the polity of the 
sanctioning country, and are unlikely to be 
designed in order to impose maximum harm 
on the target country. Nevertheless, this does 


‘not mean that sanctions do not work. 


The sanctions which are most. likely to 
precipitate the desired political change in the 
target country are those which concentrate 
income losses on groups benefiting from the 
target government’s policy, those which sig- 
nal political support to opposition interest 
groups, or those which threaten. increased 
pain in the future and therefore create an 
incentive for individual supporters of the 
target government to free ride on the politi- 
cal activities of their group as a whole. Thus, 
from the point of view of the sanctioning 
country, those interest groups desirous of 
achieving political change in the target na- 
tion might rationally ally themselves with 
other interest groups desirous of imposing 
sanctions for narrow income-enhancing rea- 
sons (for example, protectionists), even if the 
sanctions ultimately enacted are not particu- 
larly damaging in economic terms. However, 
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we cannot exclude the possibility that a >. 


sanction with little economic impact on 
South Africa, for example, might be con- 
ducive to ending apartheid. 

The advantage of the public choice ap- 
proach is its treatment of public policy as an 
endogenous outcome of competitive interest 
group pressures within the sanctioning and 
the target countries. It is thereby revealed 
that°economic harm per se is not the crucial 
consideration in determining the nature of 
the sanctions package implemented by the 
sanctioning country. Economic damage iS 
also not the only, or: even the most im- 
portant, dimension of the effect of sanctions 
on the target country. 
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Increasing Returns, Public Inputs, and International Trade 


By SUEZO IsHizAwaA* 


Governments often finance the develop- 
ment of new technologies. Such new technol- 
ogies are public inputs whose simultaneous 
use by several industries imparts a kind of 
increasing returns to scale to the economy. 
By means of an example incorporating such 
a government-financed public input, this note 
demonstrates that (i) differences in the ab- 
solute amounts of factor endowments alone 
can cause trade, and (ii) such a trade can 
exhibit Leontief’s paradox. 

Consider an economy which uses its en- 
dowments of labor L and capital K to pro- 
duce two tradable private goods X, and X, 
and a public input X,. The public input is 
not traded internationally but is purchased 
by the government and made available to 
the private-good industries. Their production 
functions are given by! 


(1) Xo = Ky/2, 
(2) X= (Xo w 1)min( L, K,/5), 
X= (Xo + 1)min(L,, K,). 


The public input thus raises the output of 
each private good by equal proportions. We 
call this the Symmetry Assumption. More- 
over, a proportionate expansion in the econ- 
omy’s endowments of L and K can result in 
a more than -proportionate increase in the 
output of each private good; increasing re- 
turns to scale prevail at an economywide 
level. Let LP and K? denote labor and 


*Department of Economics, University of Missouri- 
Columbia, Columbia, MO 65211. This paper is based 
on my unpublished doctoral dissertation submitted to 
The Johns Hopkins University, 1986. I express my 
gratitude to my advisors Tatsuo Hatta and M. Ali 
Khan. Particularly, I am deeply indebted to Tatsuo 
Hatta, without whose help and encouragement the the- 
sis would not have been completed. I am also grateful 
to R. Manning, my colleagues C. Menezes and 
P. Mueser, and an anonymous referee for helpful 
suggestions. 

‘Although these specifications are highly restrictive, 


all the results in this note hold for neoclassical produc- 


tion functions. See Suezo Ishizawa, 1986. 
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capital used for private goods production. . 
For endowments to'be fully used, their ratio 
k? (=K P/L?) and the traditional capital- 
labor ratio k (= K/L) must satisfy the fol- 
lowing condition? 


(3) 


Commodity. and factor markets are as- 
sumed to be perfectly competitive. Let w 
and r denote the price of labor and capital, 
respectively, and c (w, r) the unit or mar- 
ginal cost of the public input. Its supply is 
government financed'to the point where its 
marginal benefits are a to its marginal 
cost, that is, 


2X)/L+k? =k. 


(4) p13 X,/3 Xo + P29 X,/0Xo =c°(w,r), 


where p, and p, are, market prices for X, 
and X,. Given the supply of the public 
input, the unit cost of each private good 
c'( Xo, w, r) is obtained from (2). The zero- 
profit condition under perfect competition 
requires that the price of each private good 
be equal to its unit cost 


(5) 


Equations (3), (4), and (5) can be solved for 
(w,7r,k?, Xo) in terms of (p,, Pa, L, k). Let 


p,=c'(X,w,r),  i=1,2. 


aC = p/P) and x(=.X,/X,) denote the 


relative price and relative output of com- 
modity 1, respectively. Then? 


(6) k?=k?(a,L,k) 


= [(k/2+1/L) 
—(5-7)/2(a-V}], 
(7) x=x*(k?) =(k?—1)/(5—k?). 


*From (1) the rescurce constraints are L? = L, 
2X) + KP? = K. These yield (3). 

3Let w=w/r. From (5) w= (5—7)/(%7 —1); from 
(4) oL? + KP =2( X; +1). These and the resource con- 
straints in fn. 2 yield (6). Let Y, = X;/(X +1), i=1,2. 
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The “supply function” of the relative output 
of commodity 1 is obtained by evaluating (7) 
at Å? in (6); it is upward sloping against its 
own price even though increasing returns 
are imbedded in the economy.* Furthermore, 
the supply function shifts inward for a 
proportionate expansion in the economy’s 
endowments of L and K. Thus for a ho- 
mothetic social welfare function, a pro- 
portionate expansion of the economy will 
result in a higher autarkic price of the 
capital-intensive commodity 1. These results 
produce the following proposition. 


PROPOSITION: Two countries, each pro- 
ducing all three goods under the same technol- 
ogy, the same homothetic preferences, and the 
same capital-labor endowment ratio, will trade 
if they differ in size. The large country will 
export the labor-intensive commodity, and 
continue to do so even if there is a slight 
increase in its capital-labor endowment ratio;° 
hence such a trade exhibits Leontief’s para- 
dox. . 


The basis for this proposition is that im 
our model the traditional capital-labor ratio 
k does not regulate the economy’s supply 
function directly, but bears upon it only 
indirectly via its impact upon k?(.). R. Man- 
ning and John McMillan (1979) have devel- 
oped an elasticity concept which plays the 
key role in determining how a change in k 


From this and (2), we have Y, + Y, = L”, 5Y, + Y, =.K?. 
These and Y,/¥Y,=.x then yield (7). Here we assume 
full use of LP and K”, which holds when their ratio k? 
lies between the capital-labor ratios of two private-good 
industries. This holds for a certain set of commodity 
prices and factor endowments as seen from (6). 

This upward-sloping curve is not a mere incidence 
of our example. It holds under the Symmetry Assump- 
tion. See Ishizawa, 1986. 

Let economy J’s endowments be (L,, K,) = (1,10), 
and economy //’s (Lyr, Krr) =5(1,10+ 81/185), each 
with the same homothetic social welfare function 
X?-4X,. Then the large, capital-abundant economy II 
faces a relatively higher autarkic price of the capital- 
intensive commodity 1, 7*,=1.8, 7*,,=2; thus 
economy II imports that commodity in trade. Such 
trade exhibits Leontief’s paradox. 
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affects k?(.). Specifically, Ishizawa (1986) has 
shown that under the Symmetry Assump- 
tion, a proportionate expansion in endow- 
ments lowers (raises) k?(.) if and only if the 
derivative of e(X,)=In X,/ln Xo, 1=1,2, 
with respect to Xo is positive (negative). In 
the present context, e(X,) equals X)/ 
(Xo +1) and has a positive derivative. Hence, 
as the economy expands | proportionately, 
k(.) falls, and this falling k?(.) causes trade 
and Leontief’s paradox. On the other hand, 
if e(X,) has zero derivative, as in Makoto 
Tawada and Kenzo Abe (1984), k(.) will be 
independent of country size, and as shown 
by them, the Heckscher-Ohlin theory holds 
for such a case. — 

Our analysis strengthens the results ob- 
tained by Manning and McMillan (1979); 
they introduced a public input into the 
Ricardian model of one primary factor .and 
showed that trade would not occur under the 
Symmetry Assumption. We have demon- 
strated® that when there are two primary 
factors of production, (i) trade can occur 


_ even under the Symmetry Assumption if two 


countries differ in size, but (ii) such trade 
can exhibit Leontief’s paradox. 


Our results conform to those of Manning and 
McMillan when the capital-labor ratio is the same in all 
industries (i.e., zero). This was pointed out by a referee. 
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Credibility and Policy Convergence in a Two-Party System 
with. Rational Voters 


By ALBERTO ALESINA* 


The traditional approach to modeling 
political parties’ behavior, based upon the 
contribution of Anthony Downs (1957), as- 
sumes that the parties’ unique objective is to 
win elections: thus, they maximize their pop- 
ularity. The crucial implication of this as- 
sumption for a two-party system is that if 
the two parties have the same information 
about voters’ preferences, full convergence 


of policies results from electoral competi- © 


tion. This is the crucial implication of the 
“median voter theorem.” 

More generally, it may be argued that 
different parties are motivated differently be- 
cause they represent different constituencies. 
Parties may not care only about winning 
elections per se, but also about the quality of 
the policies resulting from an election. In 
this case the candidates of the two parties 
view winning an election not only as ‘a goal 
per se, but also as a means of implementing 
a better policy for their respective con- 
Stituencies. ` 


*Graduate School of Industrial Administration, 
Carnegie Mellon University, Pittsburgh, PA 15213, and 
National Bureau of Economic Research, Cambridge 
MA, 02138. This paper is based upon a chapter of my 
unpublished doctoral dissertation at Harvard Univer- 
sity. I am greatly indebted to Jeffrey Sachs for directing 
my attention toward these issues and for many con- 
versations. I also wish to thank Andrew Abel, Dilip 
Abreu, Olivier Blanchard, Ramon Caminal, Andrew 
Caplin, Alex Cukierman, Morris Fiorina, Benjamin 
Friedman, Herschel Grossman, Howard Rosenthal, and 
the referees for very useful comments. The responsibil- 
ity of any mistakes is, of course, only mine. 

The result of policy convergence in a two-party 
system is more general than the “ median voter theorem.” 
For discussions of convergence results not at the median, 
see John Ledyard, 1984; Peter Coughlin, 1984; Cough- 
lin and Shmuel Nitzan, 1981; Melvin Hinich, 1977. For 
earlier work on spatial competition see Richard Mc- 
Kelvey, 1975; Hinich, Ledyard, and Peter Ordeshook, 
1972, 1973, and the references quoted therein. The 
present paper focuses on the result of convergence 
rather than on the “median voter theorem” per se. 
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This paper shows that electoral competi- 
tions imply dynamic inconsistency if the 
voters are modeled as rational and forward- 
looking agents and:parties do not care exclu- 
sively about being elected, but also about 
which policy to implement, once elected. The 
dynamic inconsistency arises as follows: the 
parties have an incentive to announce con- 
vergent platforms to increase their chances 
of election. However, if the elected party is 
not committed to its electoral platform, it 
has an incentive to follow its most preferred 
policy rather than the policy announced in 
its platform. If voters are rational, they 
account for this incentive. Thus, in general, 
in a one-shot electoral game the only time- 
consistent equilibrium is one in which no 
convergence is possible, the two parties fol- 
low their mest preferred policies, and the 
voters rationally expect this outcome. Full 
convergence of parties’ platforms results only 
as a limiting case when the parties are com- 
pletely indifferent with respect to the quality 
of the policies resulting from the election. 
Thus, these results differ from the existing 
literature on “ideologically motivated” poli- 
ticians (for instance, Donald Wittman, 1977, 
1983; Randall Calvert, 1985), which im- 
plicitly assumes the possibility of binding 
commitments to electoral platforms. 

Complete or partial policy convergence 
can be the outcome of political competition 
if the interaction between the parties and the 
voters is modeled as an infinitely repeated 
game. In fact, if the candidates have concave 
objective functions, the welfare-maximizing 
policy rule implies a complete convergence 
of parties’ policies. However, this cooper- 
ative, and agreed-upon policy, may or may 
not be sustainable as a subgame-perfect 
equilibrium depending on parameter values; 
in particular it depends on the discount rates 
of the two parties, the degree of polarization 
of their preferences, and the relative popu- 
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larity .of the. two parties.. For the case in 
which the first-best policy is not sustainable, 
the set of credible policies are also char- 
acterized as a function of the same variables. 
Thus, this paper shows how the repeated 
interaction of political parties can reduce 
the magnitude. of policy fluctuations.’ This 
smoothing effect can be particularly benefi- 
cial if excess volatility, for example in eco- 
nomic policy,.is harmful for society as a 
whole. An example. related to. monetary 
policy is, developed in Alberto Alesina, 1987, 
and empirically tested in Alesina and Jeffrey 
ai es, and aa 1208; i 


L The Model ` 


oe us wada a political jelei with two 
parties, denoted party 1. and party 2. No 
distinction is made between “candidates” 
and “parties”: a candidate is completely 
identified by the objective function of ‘his 
party.* The parties are not concerned solely 
about winning elections but have also prefer- 
ences defined on policy outcomes, since they 
represent constituencies with different pref- 
erences. 

Party ls objectives are represented by the 
following, unidimensional function 


r=0 


(1). U) = ¥ g'ul!) 


== a a 


c>0 
Party 2’s objective function is the following: 


2) 2. Va Ligotl) | 
a 2=0 ` 


5 À 

2) t72 

EN 2 oq le. 
t=0 


?Alesina and Stephen Spear, 1987, analyze the rela- - 
tionship ‘ between ‘short-lived candidates and ‘the party 
as a long-lived organization. 


0<q<i. 
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The two parties have different bliss points 
on the policy variable /, which is directly 
controlled by the party in office. Party 1’s 
bliss: point is c and,- without loss’ of gener- 
ality, party 2’s bliss point is normalized at 
zero. The quadratic specification for (1) and 
(2) is adopted purely for simplicity; all the 
results of the paper generalize to any single- 
peaked, concave objective function. The dis- 
count factor (g) is identical for the two 
parties. Each party attributes a positive util- 
ity, denoted by k, to being in office per se, in 
addition to their objective function defined 
on /. 

The voters have preferences defined on / 


_and they are rational, forward looking, and 


informed about the objective functions of 
the two parties (.e., they know the objective 
functions (1), (2), and k). Thus, the voting 
decisions are based upon the rational expec- 
tations of the policies that the two parties 
would follow if elected. Let us indicate these 
policies with x for party 1 and with y for 
party 2: if party 1 is elected at time /, it sets 
/,=x,, and, if party 2 is elected, it sets 
l= y, Thus xf and yf are the rational 
expectations formed before elections of party 
1’s and 2’s policies. 

Elections are held at the beginning of the 
period, say period ¢. At the end of period 
(t —1) the parties announce their policies for 
period ¢, that is, x7, y7. If the announce- 
ments. are believed by voters, x? =x? and 
y, = yf; otherwise, xf = E(x,/I,_,) # x? 
and yf = E(y,/1,.1) # yf. E(-) is~the 
mathematical expectation operator and [,_, 
denotes the information. set available to the 
voters at the end of. period ¢—1: Elections 
take place every period. (Extensions on this 
point are straightforward.) 

‘The-electoral outcomes are uncertain; for 
any given xf and yf there is an associated 
probability of party I’s victory, which is 
indicated by the following function 


(3) P= P(x), yé). 


This function can be derived as follows. 
Each voter votes for the .party which is ex- 
pected to deliver the policy closest to his 
own bliss point. However, there is uncer- 
tainty about the distribution of voter’s bliss 
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points, and in particular, about the position 
of the bliss point of the median voter. There 
may also be uncertainty about the number 


of abstentions, because of uncertainty about 


the costs of voting as perceived by different 
voters.” 

The following assumptions on the func- 
tion P, = P(xf, yf) are adopted: : 


(i) The function P(xf, yf) is time 
invariant and “common knowledge”; 


(ii) O<P(-)<1 for x%eR; yfeR; 


(iii) P(xf, yf) is continuous 
and differentiable at least twice; 


(iv) 
aP(x?, yf) 
əx? a5) 
if and only if xf > (<) y¢ 
aP(x?, yE) | 
dy? Yi ( ) 
if and only if xf = (<)y;¥. 


Assumption (iv) states that if one party 
converges toward the other, it increases its 
chances of election by capturing (probabilis- 
tically) “middle voters.” Note that this as- 
sumption is restrictive because it implies a 
prohibitive barrier to the entry of a third 
party for any policy followed by the two 
existing parties. Assumption (iii) 1s more 
restrictive than necessary and is adopted for 
simplicity. In particular, the function P(-) 
could be discontinuous along the diagonal, 
that is, for xf = yf. All the results of this 
paper generalize to this case, as shown in 
Alesina and Alex Cukierman (1987), in which 


a function such as (3) is explicitly derived | 


*John Ledyard, 1984, shows how to derive a function 
analogous to (3) from the underlying uncertainty about 
the costs of voting which generates an uncertain turnout. 


An analogous representation of electoral uncertainty - 


can be found in Wittman (1983), and Calvert (1985). 
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from the underlying distribution of prefer- 


ences of the voters. 
II. Electoral Competition as a.One-Shot Game 


Consider ane electoral competition, in iso- 
lation. Two cases should be distinguished: 1) 
the two parties can make binding precom- 
mitments to their preelectoral platforms; 2) 
no precommitments are possible. 

The first cese has been analyzed by Witt- 
man (1983) and Calvert (1985). With pre- 
commitments we can impose x7=x/ =x, 
and y'= yf = yp the announced platforms 
are identical to the policies expected by the 
voters and implemented by the elected party. 
The Nash equilibrium of this game can then 
be found by soiving the following problem 
(the time subscripts are dropped to simplify 
notation): 


(4) maxw! = P(x, y)[u(x) +k] 


+f P(x, y)] u(y), 
(5) man w= P(x, y)o(x) 


+[1- P(x, y)][o(y) + k]. 


Following Wittman (1983) and Calvert 
(1985) it can be shown that the equilibrium 
policies (X and ¥$) satisfy the following in- 
equalities l | 


(6) c>k>f>0. 


It can also be shown that the distance be- 
tween ĉ and # is inversely related to k.* 
Calvert (1985), however, stresses that the 
equilibrium policies are in general very close; 
thus even with ideologically motivated politi- 
cians one should observe a high degree of 
policy convergence. 


“A complete proof of these results is available from 
the author. A sufficient condition for existence and 
uniqueness of this equilibrium is that the function 
P(x, y) is concave in x and convex in y. 


1 
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Consider now the case in which precom- 
mitments are not available. This is the most 
natural assumption because the policymaker 
can always change his mind and the law, 
when in office. Thus when, say, the candi- 
date of party 1 is elected he does not face 
problem (4) any more, but he can follow his 
most preferred policy. It is immediate to 
prove the following result: 


PROPOSITION 1: For any value of k (the 
utilitý of winning an election}, the time-con- 
sistent equilibrium (x,y) exists, is unique 
and it is given by 
(7) X=c; y=0. 

Voters anticipate the behavior of the elect- 
ed party: thus x° = c and y° = 0. Then, party 
1 is elected with probability P(c,0); for no- 
tational simplicity P(c,0) will be referred to 
as P throughout the rest of this paper. 

Proposition 1 shows that in a ‘one-shot 
game without precommitments, there cannot 
be any policy convergence in equilibrium, 
regardless of the value of k. This result 
implies that the convergent equilibria. de- 
scribed in the literature are “time incon- 
sistent,” or, to put it differently, that they 
rely upon the assumption of binding pre- 
commitments to policy announcements.° 


IH. Electoral Competition as an Infinitely 
Repeated Game _ 


The infinite repetition of the game allows 
the two parties to reach better equilibria 
than the one-shot Nash with no convergence 
described in Proposition 1, even without 
binding precommitments. 

Let us consider the first-best outcome. For 
the case of k = 0, the efficient frontier of the 


*In this model the equilibrium of Proposition 1 re- 
mains the unique time-consistent equilibrium if this 
game is finitely repeated. Partial convergence in a finitely 
repeated game is sustainable with asymmetric informa- 
tion (see Alesina-Cukierman, 1987) or with multiple 
one-shot Nash equilibria and strategic voting; see, how- 
ever, fn. 9 on strategic voting. See also Jean Pierre 
Benoit and Vijay Khrishna (1985) on the possibility of 
cooperation in finitely repeated games with perfect in- 
formation. 
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game can be obtained by solving the follow- 
ing problem (where.0 <A < 1) 


(8) max A[ P(x, y) u(x) 


+(1- P(x, y))u(y)) 
+(1-A)[P(x, y)o(x) 
+(1- P(x, y))0(y)]. 


Note that in (8) we imposed x°=x and 
y? = y. The solution of this problem yields 
the following result: 


PROPOSITION 2: The efficient frontier is 
given by the following policies: 


x*¥= y*= Àc. 


The parameter À represents the weight of 
party 1. The relevant section of the efficient 
frontier is the. segment in which both parties 
are better off than in the one-shot Nash 
equilibrium. This part of the frontier is char- 
acterized by the following inequalities, label- 
ed conditions of “individual rationality” 


(9) 1-V1—P <)A<vP. 


Thus, full convergence of policies is the 
first-best outcome. This result is due to the 
concavity of the utility function of the two 
parties: An appropriate intermediate policy 
followed by both parties and, therefore, ob- 
tained with certainty makes both parties bet- 
ter off than the expected value of the two 
possible outcomes of Proposition 1 weighted 
by the probabilities of electoral outcomes. 

Naturally, the two parties are not indiffer- 
ent with respect to the choice of A, which 
corresponds to a particular convergent pol- 
icy. The closer À is to one, for example, the 


°These results generalize to any value of kx. If k #0 
the two parties would still solve problem (8) to find the 
“first-best” policies. Then they would split k, namely 
the benefits of being in office: for example, they would 
agree to share the term of office. For a formal treatment 
of this particular problem see Alesina-Spear, 1987. 
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closer is the chosen policy to the bliss point 
of party 1 and vice versa;.thus, the higher is 
A the higher thé welfare of party 1. The most 
standard way of selecting ‘a point on the 
efficient frontier is the Nash-bargaining solu- 
tion. To obtain this solution we consider the 
one-shot Nash as the “disagreement point”: 
in fact, the one-shot Nash can be used as a 
threat that the parties can make against each 
other at the “bargaining table.”’ This 
Nash-bargaining solution implies a choice of 
A (say A*). The following result characterizes 


PROPOSITION 3: If A* corresponds to the 
Nash- oargaring solution, the following holds: 


KO) A* isa function of: P and only if P: 
A*(P); (ii) JA*(P)/aP > 0; (iii) A*G) =4; 
(iv) A*(0) = 0, A*(1) =1. 


This result is quite intuitive. An increase 
in P makes party 1'stronger at the bargain- 
ing table. In fact if P is higher party 1 
knows that if an agreement is not reached it 
is more likely to be elected at the “disagree- 
ment point”; thus, this party would be better 
off. It follows that party 1 can impose an 
agreement closer to its point of view and 
its utility is increased. Thus, an exogenous 


. "The “disagreement point” (W,, 7) of this problem 
iS ne . . 7 ` <1 r` 
Ww = Puc) +(1- Fue 
=-i(1- Pe, (party 1) 
Ww? = Po(c) + (i- P)v(0) 
= TP? 


(party 2) 


Thus the Nash-bargaining solution can be found by 
solving 


M igs ee +1Pc?], 


sack, that w! Has P)c? = 0; w? +1P¢? 20; w lew? 


+ ef =20? pe: 
‘The last’ constraint is the “efficient frontier.” ‘The 
details of the solution are available from the author. 
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increase of the- popularity of, say; party 1, 
implying that P becomes higher, makes this 
party better off in the cooperative regime. It 
follows ‘that even in a cooperative regime the 
two'parties are not indifferent to their popi: 
larity. 

An additional implication of Proposition 3 
is that, for given preferences of the voters, if 
a party becomes more radical (in the sense 
that its bliss point moves away from that of 
the other party), its bargaining power is re- 
duced; and the Nash-bargaining solution ‘is 
further away from its most preferred policy. 
Suppose, for example, that c increases; then, 
given Proposition 3 and Assumption (iv) on 


- the function P(-), one obtains 


Laia _n*(P) aP 
(16) . aP ae 


Note ‘that the uaiue features of Pro- 
position (3) and of (10) are ‘more general 
than the Nash-bargaining solution. In fact 
these features derive from the fact that a 
change in P affects the welfare of the two 
parties at the disagreement point. Any solu- 
tion concept used -to select a‘poimt on’ the 
efficient frontier is sensitive to such a change 
(qualitatively) as the Nash-bargaining solu- 
tion. This is the case, for example, of the 
solution proposed by Ehud Kalai and Meir 
Smorodinsky, 1975. 

Finally, it should be sphaa that the 
convergent electoral equilibrium x* = y*= 
A*c is, in general; different from ‘the-equi- 
librium that would emerge as the otie-shot 
Nash | equilibrium of a game between two 
parties maximizing popularity. 


IV. Sustainability of the Efficient Frontier 
an and Credibility : 


After the election, the party in office has 
an incentive to follow its most preferred 
policy, instead of the cooperative policy on 
the. efficient frontier. If binding commit- 
ments are unavailable, the cooperative policy 
is dynamically inconsistent. However, this 
policy may become credible if reputational 
considerations make a deviation. from. it 
costly enough. p ai 
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It is assumed that the game between the 


-- two parties is played as in Friedman, 1971. 


The parties “announce” a policy rule before 
elections. If the elected party deviates from 
that policy, it loses reputation and it will be 
expected by everybody to follow in the fu- 
ture its most preferred and noncooperative 
policy, that is, its bliss point. The other party 
will ‘not cooperate anymore, since cooper- 
ation is broken. The system, therefore, re- 
verts to the one-shot Nash. This reversion 
constitutes the cost of a deviation. With no 
loss of generality we shall assume that the 
reversion to the one-shot Nash lasts forever.® 

The voters. are rational and informed; 
therefore, they will rationally expect a rever- 
sion to the noncooperative Nash equilibrium 
if they observe a deviation from cooperation 
and vote accordingly. Thus, voters are fully 
rational in the sense that they use all the 
available information (including their knowl- 
edge of the parties’ strategies) to form their 
forecasts. However, they are not strategic, in 


- the sense that they do not adopt retrospec- 


tive strategies, for instance, to punish a 
cheating party.’ l 

An equilibrium is credible, therefore sub- 
game-perfect, if the incentive to deviate from 
it, the “temptation,” is not greater than the 
cost of a deviation, the “enforcement.” A 
well-known result in the repeated game liter- 
ature establishes that, if the discount factor 
is sufficiently close to one, every individually 
rational point on the efficient frontier can be 


‘With no qualitative changes in the results the model 
could be solved for an arbitrary length of reversion to 
noncooperation. The length of the punishment period is 
completely isomorphic to the discount factor. See Fried- 
man, 1971, on these issues. Dilip Abreu, 1983, has 


- shown that worse “punishments” than the reversion to 


the one-shot Nash can be credibly threatened by the 
players of this type of game. However, these more 
general punishment strategies are not considered in this 
paper. 

In order to sustain credible equilibria by means of 
Strategic voting, one needs to assume a high degree of 
coordination of strategies. In fact, an atomistic voter 
knows that his retrospective strategy works only if he 
knows the strategies of all the other voters. For a 
discussion along those lines of models based upon stra- 
tegic behavior of atomistic agents, see for instance, 
Kenneth Rogoff, 1987. 
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sustained as a subgame-perfect equilibrium. 
Thus, sufficiently farsighted parties could al- 
ways achieve the first-best policies on the 
efficient frontier. 

However, there are many reasons why the 
discount factor might be quite low in this 
context. For example, one party may believe 
that with some probability the leadership of 
the opponent party may change in the future 
and that the new leadership may not carry 
over the threats of the old one. This type of 
uncertainty has the same effect of a low 
discount factor. It is easy to show by com- 
puting “temptation” and “enforcement” that 
the equilibrium x*= y*=A*(P)c is sus- 
tainable as a subgame-perfect equilibrium if 
and only if 


(11a) (1—A*)’<q(1—P), 


(11b) A*? < gP. 


We will next show that Proposition 3 and 
(11) imply that cooperation is more easily 
sustainable in a balanced system, that is, in a 
system in which P is close to 1/2. In fact, 
if P is far from 1/2, one of the two parties 
has little bargaining power and the policy 
which is selected is far from its bliss point. If 
this party is elected, the incentive to deviate 
is particularly strong. Given that this incen- 
tive is “common knowledge,” it follows that 
cooperation is less easily sustainable. As a 
corollary, note that if one party adopts more 
extreme views, for given voters’ preferences 
cooperation becomes more difficult (this fol- 
lows immediately from (10)). 

The qualitative features of these results 
can be illustrated using the following ap- 
proximation for the Nash-bargaining solu- 
tion: 
(12) \*(P) =P. 

By substituting (12) into (11) it follows 
that the policies x* = y*=A*e are sustain- 
able as a subgame-perfect equilibrium if and 
only if the following holds, 


(13) 


q=P; q2(1-P). 
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(0,1) 


0 (1,0) P 


FIGURE 1 


In Figure 1 the dashed area represents the 
locus in which the cooperative rule is sus- 
tainable. As expected, it is easiest to sustain 
cooperation for P = 5. This result is not sen- 
sitive to variations in the approximation used 
for A*. 

Since we have assumed that voters do not 
behave strategically, the function P(-) does 
not shift in response to a deviation from 
cooperation. If, instead, voters used retro- 
spective strategies (see, however, fn. 9) then, 
we would have a punishment arising directly 
from the voters. If, say, party 1 breaks the 
cooperative rule, there might be a shift in a 
function P(-) such that | 


(14) P(x, y)<P(x, y) for any (x, y), 


where P% identifies the probability of re- 
electing party 1 if this party did not follow 
the cooperative rule in the past. If there is a 
loss of popularity because of the deviation 
from cooperation, then, ceteris paribus, it is 
easier to sustain cooperative rules because 
the enforcement is stronger.” 


Sohn Ferejohn, 1986, and Rogoff and Anne Sibert, 


1988, consider a similar type of punishment. In their 
models, however, parties are not “ideological.” 
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V. Incomplete Cooperation 


If the first-best outcome is not sustainable 
because q is too low, the two parties would 
not, in general, follow the one-shot policies 
(that is, their bliss points). A certain amount 
of convergence would still Pareto-improve 
upon the one-shot Nash. The best credible 
policies can be obtained as a solution of 
problem (8) under the conditions of individ- 
ual rationality and the constraints of sub- 
game perfection. The constraints of subgame 
perfection can be computed by imposing 
that for a given pair of policies (X, ï), the 
“temptation” of deviating from it is not 
greater than the “enforcement.” “Tempta- 
tion” and “enforcement” for the two parties 
can be computed following the -steps de- 
scribed in Section IV. These constraints are 


(15) ` (¥- e) 


q =\ 3 ee eae E 2 
<l Pye — P(X, ¥)(¥—c) 


—[1- PCE, I)I(F~c)?| 


for party 1 and 
2 a jp ~ ~\ 32 
(16) y <3; ” — P(%, §)z 


-[1- P(%, §)] 9] 


for party 2. In the Appendix the following 
result is established: 


PROPOSITION 4: If and only if q=0 the 
only credible policies are x = c and y = Q (the 
one-shot Nash). If q>0 there exists a non- 
empty set of policies X(q,c), §(q,c) which 
Pareto-improve upon the one-shot Nash and 
which satisfy the following condition 


c> X¥(q,c) > §(q,c)>0. 


Thus, even though the one-shot Nash still 
remains an equilibrium of the game, there 
exist other, partially convergent equilibria, 
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(0,0) 


which Pareto-improve upon the one-shot 
Nash. 

Note that the policies (X, ï) described in 
Proposition 4 and the policies (£, §) of Sec- 
tion II, (i.e., the equilibrium policies of the 
one-shot game with precommitments to par- 
ties’ platforms) are in general different and 
hardly comparable. In particular, the poli- 
cies (£, ĵ) are unrelated to the discount fac- 
tor since they are the result of a one-shot 
game. On the contrary the set of credible 
policies in the infinitely repeated game (X, F) 
is crucially affected by the value of the dis- 
count factor. Ceteris paribus, the higher is q 
the larger is the set of sustainable policies. 


APPENDIX: PROOF OF PROPOSITION 4 


We have to solve problem (8) under the constraints 
of individual rationality and of subgame perfection (15) 
and (16). It is easy to establish that the policies X and ¥ 
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(C,0) © xX 


FIGURE Al 


which satisfy the folowing conditions: 


(A1) (i) X2>f2c o f>Xze. 
(A2) (i) jp<x<0 ‘or ¥<f<0. 
(A3) (iii) E>c>O>F 


cannot be a solution of the problem. These policies in 
fact violate at least one of the constraints of individual 
rationality, which can be written as 


(A4) P(x, y)(x—c)’+(1- P(x, y) -ey 
<(1-P)c*, (party 1) 
(A5) P(x, y)x? +(1- P(x, y))y? 


< Pc*. (party 2) 


We now show that a solution c> ï> f>0 always 
exists for any positive q. Consider the two constraints 
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of subgame perfection. By applying the implicit func- 
tion theorem it can be shown that they cross the 45° 
line as in Figure A1. In fact, using (15) one obtains 





(x—c)+ i 


S iee) P(x) 
ri-o- P(x x))] > 


teanna 


$| 


(A6) 





In (A6) we used the fact that P, = P, =0 if x= y. 
For x < c, (A6) implies dy/dx < 0. Analogous argument 
holds for the other constraint (16). We now show that 
the two curves always cross for any g>0 so that an 
area such as the dashed area of Figure Al always exists. 
Consider point N = (c,0), the one-shot Nash. Consider 
a movement in the direction that keeps the function 
P(-+) constant: 


(A7) dP = P.dx+ P, dy =0. 
Therefore 

dy Pesta 
(A8) pr = — P <Q. 


Consider a movement (c — 8, e), such that 





A =—8. 
(A9) € P, § 
Define 

P,(0,c) 
(A10 ~ =B<0 
) P, (0,c) 


By rearranging the conditions of subgame perfection 
(equations (15) and (16)) at the point (c—6, £), and 
using (A9) one obtains 


2Beq(1— P 
(All) se Hal 
1 — q + Pq+B'q(l- P) 
A12 E k 
B * BC Pa) + Pa 


Therefore, for all q > 0, there exists a Sla) such that 
(All) and (A12) are satisfied. It is immediately . ap- 
parent that the movement (c— 8, £}, such that e= £8, 
increases the objective function (i.e., equation (8) in the 
text). 
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The Deadline Effect in Bargaining: 
some Experimental Evidence 


By ALVIN E. Rota, J. KEITH MURNIGHAN, AND FRANCOISE SCHOUMAKER* 


This paper reports the distribution of 
agreements over time in four bargaining ex- 
periments. There is a striking concentration 
of agreements reached in the very last sec- 
onds before the deadline. This “deadline ef- 
fect” appears to be quite robust, in that the 
distribution of agreements over time appears 
to be much less sensitive to the experimental 
manipulations than is the distribution of the 
terms of agreement. Each of these experi- 
ments also exhibited a substantial frequency 
of disagreement. 
` Since last-minute agreements are widely 
believed to occur frequently 1 in naturally oc- 
curring negotiations,” it may be helpful to 
state clearly just what it is that laboratory 


*Roth: Department of Economics, University of 
Pittsburgh, Pittsburgh, PA 15260. Murnighan: Depart- 
ment of Business Administration, University of Illinois, 
1206 S Sixth Street, Champaign, IL 61820. Schoumaker: 
Department de Sciences Economique, Universite de 
Montréal, Montréal, Quebec H3C 3J7. This work has 
been supported by grants from the National Science 
Foundation, the Office of Naval Research, and by an 
Alfred P. Sloan research fellowship. We have received 
helpful comments from Douglas Gale, Robert Forsythe, 
Maria Herrero, John Kennan, Roger Myerson, and 
Shmuel Zamir, as well as from two referees, and assis- 
tance in preparing the graphics from John Gallagher. 

*Some representative quotations: 


Disputes over the terms of collective bargaining agree- 
ments are frequently settled only at the last minute. The 
last-ditch all-night parleys are as familiar to newspaper 
readers as. they are wearing on reporters... The 
frequency: of hei photo-finishes suggests that some- 


g may” be: ‘involved fundamental to the process of ` 


collective barg dining. 
[John Dunlop and James Healy, 1955, p. 57] 


The question is repeatedly asked as to why negotiations 
are not settled until a deadline—often at midnight or in 
the wee hours of the morning—even after a symbolic 
stopping of the clock. [Dunlop, 1984, p. 16] 


Few of us, even those least involved in bar aining 
activities, are unfamiliar with the ‘eleventh hour’ effect 
widely publicized in mass media accounts of collective 
bargaining. 

[J aro Rubin and Bert Brown, 1975, p. 120] 


806 


investigations have to contribute to the study 
of deadline phenomena. First, while there is 
a great deal of anecdotal information about 
the frequency of “eleventh-hour” agreements 
in naturally occurring negotiations, it has 
proved difficult to. collect reliable data. Sec- 
ond, being able to study deadline phenom- 
ena in the laboratory will enable us to dis- 
tinguish between- alternative hypotheses in a 
way that the study of field: data does not 
permit.2 Third, while the distribution of 
agreements over time is one of the clearest 
phenomena observed in bargaining experi- 
ments to date, none of the presently avail- 
able theoretical models of bargaining is able 
to account simultaneously for the distribu- 
tion of agreements over time together with 
the observed patterns of agreements and 
substantial observed frequency of disagree- 
ments, so these results suggest clear direc- 
tions for further theoretical work. 

The data on the distribution of agree- 
ments over time, although analyzed here for 
the first time, were collected in a series of 
experiments in which other variables were of 
primary interest. In each of these experi- 
ments, in which bargaining was permitted to 
proceed for between nine and twelve minutes, 
bargaining was conducted via terminals in a 
computer-controlled laboratory that auto- 
matically recorded the ‘time of each agree- 
ment. We first conducted a formal analysis 
of this part of the data for the experiment 
reported in Keith Murnighan, Alvin Roth, 
and Francoise Schoumaker (1988). Those re- 


*For example, labor negotiators often attribute a 


tendency to reach agreements just before contracts ex- 


pire to the difficulty of selling any agreement to a 
diverse constituency if there is still time for continuing 
negotiations, However the deadline effect observed in 
our laboratory environment cannot be attributed to 
this, since each bargainer is bargaining strictly on his 
own behalf. 
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sults, reported here, prompted a retrospec- 
tive analysis of two earlier experiments 
(Roth, Michael Malouf, and Murnighan, 
1981; Roth and Murnighan, 1982).? We also 
present here new experimental data which 
permit us to test specific hypotheses about 
the relationship between initial bargaining 
positions, bargaining outcomes, and time of 
agreement. Although all this data comes from 
laboratory experiments, there is a sense in 
which it is not all fully “experimental data,” 
since the experiments were mostly designed 
for purposes other than to test specific hy- 
potheses about agreement times. 

The distribution of agreements over time 
proved to be one of the most consistent 
features of the results of these otherwise 
diverse experiments. A typical distribution, 
from the new experiment is shown by the 
histograms in Figure 1. Figure 1A graphs the 
number of agreements reached in each 30- 
second interval in the (9 minutes of) bargain- 
ing; Figure 1B breaks the last 30 seconds 
into 5-second intervals. Across all four ex- 
periments, 41 percent of the observed agree- 
ments were reached in the last 30 seconds of 
bargaining, and 53 percent of these were 
reached in the last 5 seconds. (Of agreements 
reached in the last 5 seconds, 52 percent 
were reached in the last second; see Table 4.) 


I. The Bargaining Environment 


The experiments were initially designed to 
test axiomatic models of bargaining of the 
kind proposed by John Nash (1950; see Roth, 
1979), which are stated in terms of the von 
Neumann-Morgenstern expected utilities of 
the bargainers. To experimentally test these 
theories, an experiment must permit these 
utilities to be determined. 

A class of games that permits this was first 
employed in the experiment of Roth and 


Malouf (1979), and is employed in three of ` 


Data were no longer available for time of agree- 
ments in the experiment of Roth and Malouf (1979), 
which is the first study in the series reported here. 
Another related experiment (Roth and Schoumaker, 
1983) is not included: negotiations in that experiment 
were conducted by simultaneous bids in fixed periods. 


SEPTEMBER 1988 


the four experiments discussed here. In these 
binary lottery games, each agent i can win 
only one of two monetary prizes, a large 
prize A, or a small prize o; (with A,;><o,). 
The players bargain over the distribution of 
“lottery tickets” that determine the probabil- 
ity of receiving the large prize: for example, 
an agent i who receives 40 percent of the 
lottery tickets has a 40 percent chance of 
receiving the amount A, and a 60 percent 
chance of receiving the amount o, Players 
who do not reach agreement in the allotted | 
time each receive o,. Since the information 
about preferences conveyed by an expected 
utility function is meaningfully represented 


only up to the arbitrary choice of origin and 
_ scale, there is no loss of generality in normal- 


izing each agent’s utility so that u,(A,;)=1 
and u,(o,;) = 0. The utility of agent i for any 


‘agreement is then precisely equal to his 


probability of receiving the amount A,, that 
is, equal to the percentage of lottery tickets 
he has received.” (In the specific binary lot- 
tery games discussed in this paper, o, always 
was equal to $0.00.) 

The following is typical of the procedures 
in each experiment. 


Each participant was seated at a visually 
isolated terminal of a computer system. Par- 
ticipants were seated at. scattered terminals, 
and received all of their instructions and 
conducted all communication via the 
terminal. 


“We do not need to suppose in our interpretation of 
these experiments that the use of binary lottery games 
has controlled for the behavior of the experimental 
subjects, who may or may not be utility maximizers. 
Rather, the purpose of using binary lottery games is to 


control the predicticrs of the theory, specifically Nash’s 


model of bargaining. The question of whether the vari- 
ous predictions of a theory like Nash’s are good descrip- 
tors of behavior is independent of whether utility theory 
is a good description of individual choice. (That is, 
some of the predicticns could be correct even if individ- 
uals aren’t utility maximizers, and vice versa.) But since 
Nash’s model is stated in terms of the expected utility 
available to the bargainers, it is necessary to control for 
what the utility of utility maximizers would be, to know . 
what the predictions of the theory in any particular 
situation are. 
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Background information including a brief 


». review of probability theory was presented 


first. The procedures for sending messages 
and proposals were then introduced. A pro- 
posal was a pair of numbers, the first being 
the sender’s probability of receiving his prize 
and the second the receiver’s probability. In 
each information condition, the terminal dis- 
played the expected monetary value which 
the player would receive from any proposal 
he made or received. The opponent’s ex- 
pected value was only displayed in those 
conditions in which the player knew his op- 
ponent’s prize. An agreement was reached 
whenever one of the bargainers returned a 
proposal identical to the one he had just 
received. 7 


Bargainers could send any messages they 
wished, with one exception. To ensure 
anonymity, the monitor intercepted any 
messages that revealed the identity of the 


~ players. Each bargainer could make pro- 


y5 


posals at any time (regardless of what the 
other bargainer was doing). 


The procedures varied slightly from one 
experiment to the next, as noted below. The 
time allowed for bargaining varied from nine 
to twelve minutes, with the time remaining 
coming on the screen to mark the last three 
minutes. Z 


If. The Experiments 


‘The following brief descriptions, and Ta- 
ble 1, provide the context needed to discuss 
the distribution of agreement times. Note 
that the various experimental manipulations 
accounted for significant differences in bar- 
gaining outcomes (in contrast to the uni- 
formity we will see when we look at distribu- 
tions of agreement times). 


A.: The. Initial Experiment of Roth and 
-` Malouf (1979) , 


The most important. variable in this first 
study manipulated the information available 
to the two bargainers. In the partial informa- 


=- tion condition, players knew only their own 


prize. In the full-information. condition, 
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. players also knew one another’s prize. (The- 


ories of bargaining such as Nash’s predict 
that the outcome of bargaining should be 
unaffected by the change in the information 
available.to bargainers in the two conditions.) 
During the 12 minutes of bargaining, bar- 
gainers could not reveal information about 
their prizes in the partial information condi- 
tion, and could not reveal their identity in 
either condition. The results were very clear: 
agreements were almost always equal divi- 
sions in the partial information condition, 
and agreements shifted significantly toward 
the equal expected value outcome in the 
full-information condition. 

In this study the expected values were 
automatically computed for subjects to re- 
move the effects of arithmetic ability in de-. 
termining the relative success of the bar- 
gainers. The experiment discussed next was 
designed in part to-verify that these results 
were not simply an artifact of making this 
computation available. 


B. The Experiment of Roth, Malouf, 
and Murnighan (1981) 


This experiment studied four games under 
three conditions, one in which prizes were 
stated in terms of an intermediate commod- 
ity, “chips.” In a low-information condition, 
players knew only their own prizes; in an 
intermediate condition, players also knew 
their opponents’ prize as valued in chips, but 
not money; in the full-information condi- 
tion, players knew their opponents’ prize in 
chips and in money. In the intermediate- 
information condition, the expected value of 
the prizes in chips was presented in exactly 
the same way as the expected value of the 
prizes.in money in the previous experiment. 
Thus if the previous results were an artifact 
of providing expected values, the inter- 
mediate-information agreements would shift 
toward giving the player with fewer-chips a 
higher probability of winning his prize. 

The results (see Table.1) showed signifi- 
cant variations: among outcomes. But the 
information about chips had no significant 
effect on the terms of agreement: significant 
shifts from equal divisions toward equal ex- 
pected value agreements occurred only after 
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TABLE 1—A BRIEF SUMMARY OF THE FOUR EXPERIMENTS 
Differences Found Among 
Brief Description of | 
Paper Conditions/Studies Terms of Agreement Disagreement Frequencies Agreement Times 
Roth, Malouf, 3 information YES: A main effect NO NO 
and Murnighan conditions for games and a 
(1981) 4 games games-by-information 
interaction 
Roth and 2 common knowledge YES: Unimodal YES: One condition with NO 
Murnighan conditions distributions in two higher frequencies than 
(1982) - 4 information info conditions; all others; two combined 
conditions bimodal in two others; conditions different 
and stronger differences from other six 
in common knowledge 
conditions 
Murnighan, 3 studies, with different YES: (1) Disagreement YES: Higher disagreement YES: Study 1 
Roth, and disagreement outcomes, (2) the outcomes led to more agreements were 
Schoumaker outcomes ` risk aversion of the disagreements faster than 
(1988) 2 games bargainers, and (3) Study 2’s or 
Bargainers classified the 3 studies led to Study 3’s 
as more or less risk Significant differences 
averse 
The New 4 games with YES: Significant NO NO 
Experiment different focal differences among, 
points the games 


information about the monetary value of the 
prizes was presented. 


C. The Experiment of Roth and 
Murnighan (1982) 


This experiment expanded the investiga- 
tion of different information conditions. The 
two players in each binary lottery game were 
assigned either a $5 or a $20 prize. As in the 
previous experiments, there was a condition 
in which neither bargainer was informed of 
the other’s prize value, and a condition in 
which both bargainers were informed. 

Two additional information conditions 
were included, one in which only the $5 
player knew both prizes, the other in which 
only the $20 player knew both prizes. Fi- 
nally, half of the conditions made this infor- 
mation common knowledge for both players; 
the other half left.both parties uninformed 
about the other’s information. 

When the $5 player knew both prizes, the 
terms of agreement were distributed bimod- 
ally, with the modes near equal division or 
equal expected value outcomes. When the $5 
player did not know both prizes, the terms 
of agreement approximated equal divisions, 
and were unimodal. More disagreements oc- 


curred when the $5’ player knew both prizes 
and this was not common knowledge (see 
Table 1). 


D. The Experiment of Murnighan, Roth, 
and Schoumaker (1988) 


Theoretical work (Roth, 1979; Richard 
Kihlstrom, Roth, and David Schmeidler, 
1981; Roth and Uriel Rothblum, 1982) pre- 
dicted that risk aversion should be disad- 
vantageous in bargaining, except in situa- 
tions in which the terms of the predicted 
agreement had a positive probability of being 
worse than disagreement. Three experimen- 
tal studies were conducted to test these pre- 
dictions. They used ternary rather. than bi- 
nary lottery games, in which player i has 
three monetary prizes, a,, b; and c; [a; > b; 
and a,>c,]. The players bargain over prob- 
abilities p, and p, (with p,=1-— pı) such 
that player i receives a; with probability p,, 
and receives b, with probability 1— p,. If the 
players fail to reach agreement in the al- 
lotted time, then players 1 and 2 receive c, 
and c,, respectively. 

Prior to negotiating, the risk aversion of 
the players was assessed by having them 
make chcices among lotteries. 
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In the first study, bargainers with different 


+» Tisk aversion were paired in two ternary lot- 


tery games, where a;=$10, b,=$5, and c, 
= $2 (for both bargainers) in one game, and 
a;= $10, b;=$2, and c;=$5 in the other. 
The players played each of these games twice 
with each of two opponents, although the 
fact that their two opponents were the same 
was disguised .by the procedure. The second 
study changed the value of a,, b; and c; to 
$10, $5, and $4. In the third study, one 
player had a high prize of $8, and the other a 


high prize of $16, with low and disagreement 


prizes shifting between $4 and $3. . 
The results supported the predictions: the 


more risk-averse bargainers did ‘better in the “* 


high-disagreement prize game. than in the 


low-disagreement prize game. The frequency — 


of disagreement varied across studies and 


- games; it was highest when the disagreement 


prize was high. The terms of agreement also 
varied significantly, with the third study (with 
unequal prizes for the two bargainers) ex- 
hibiting the familiar shift toward equal ex- 
pected value agreements. 


E. The New Experiment 


This experiment? investigated different 
prize values in binary lottery games. The 
procedures were identical to those in Roth 
and Murnighan (1982). Each member of a 
bargaining pair was assigned a low prize or a 
high prize: prize pairs in the four conditions 
were ($10 and. $15), ($6 and $14), ($5 and 
$20), and ($4 and $36). Both bargainers were 
informed about the value of both prizes, and 
this was common knowledge. :So the low- 
prize players could argue for equal expected 
value divisions of lottery tickets of 60—40, 
70-30, 80-20, and 90-10; respectively. Based 
on previous observations, we predicted that 
both the mean payoff to the low-prize player 
and the variance of the payoff distribution 
would increase as the prize differences in- 
creased. We also conjectured that the con- 
centration of agreements near the deadline 


>We hope to give a full account of other aspects of 
the results of this experiment in Roth, Murnighan, and 
Schoumaker (in preparation). 
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would be more pronounced in conditions 
with higher variance of agreement terms. 
Unlike the Roth and Murnighan (1982) 
results, the data were not bimodal; distri- 
butions were approximately normal. The 
low-prize player’s percentage of lottery 
tickets increased significantly as his prize 
decreased [F(3,322) = 3.76, p<.011], with 
the $10—$15 condition (55—45) different from 
the $4—$36 condition (61-39). The $6-$14 
and $5-$20 conditions were not significantly 
different from each other or from the other 
conditions. The variance of agreement terms 
also differed: Bartlett's F=24.48, p <.01, 


highest in the $4-$36 condition (std. dev. = 


15.7) and lowest in the $10-$15 condition 


(std. dev. = 6.36). Disagreement frequencies 


were almost identical from one condition to 
the next: of 96 bargaining interactions in 
each condition, disagreements were 22, 23, 
21, and 21 (23 percent overall). Thus this 
new data showed significant, predicted effects 
for prize values on the terms of agreement, 
but not on disagreement frequencies. 

In summary, these four experiments have 
investigated a diverse set of experimental 
conditions, and both the terms of agreement 
and the frequency of disagreement varied 
significantly across these conditions (see Ta- 
ble 1). As we will now see, the timing of 
these agreements changed very little across 
the different conditions or experiments. 


Ill. The Distribution of Agreements Over Time 


Figure 1 presented the data from our most 
recent experiment. Figures 2, 3, and 4 pre- 
sent the data from the three earlier experi- 
ments in similar fashion. All of the figures 
use arbitrary time blocks of 30 and 5 sec- 


onds. Table 2 provides an additional break- 
‘down of the data with different (but still 


arbitrary) time cutoffs. All four studies show 
a substantial number of late agreements, even 
as late as the last second. Although the choice 


of final intervals is arbitrary, there is a clear 


concentration of agreements near the dead- 
line regardless of the intervals chosen to 
measure “nearness” to the deadline. This is 
evident from the cumulative distributions of 


agreements over time (Figures 5-8), which 


are all nearly vertical near the deadline. 
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FIGURE 2A. THE FREQUENCY OF AGREEMENTS AND DISAGREEMENTS FROM 
ROTH, MALOUF, AND MURNIGHAN (1981; 





671-676 578-580 681-585 568-690 591-05 596-600 
Time in seconds 


FIGURE 2B. THE FREQUENCY OF AGREEMENTS REACHED IN THE Last 30 
SECONDS OF BARGAINING IN ROTH, MALOUF, AND MURNIGHAN (1981) 
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FIGURE 3B. THE FREQUENCY OF AGREEMENTS REACHED IN THE LAsT 30 
SECONDS OF BARGAINING IN ROTH AND MURNIGHAN (1982) 
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FIGURE 4A. THE FREQUENCY OF AGREEMENTS AND DISAGREEMENTS FROM 
MURNIGHAN, ROTH, AND SCHOUMAKER (1988) 
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FIGURE 4B. THE FREQUENCY OF AGREEMENTS REACHED IN THE LAST 30 
SECONDS OF BARGAINING IN MURNIGHAN, ROTH, AND SCHOUMAKER (1988) 
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TABLE 2— THE FREQUENCY OF AGREEMENT TIMES IN FOUR EXPERIMENTS 


-~ Total 


i | Time | : Agreements in Last seconds 
Experiment/Condition (seconds) Agreements Disagreements 60 45 30 15 10 5 1 
Roth, Malouf, and 25(17) 29(19) 

' Murnighan (1981) 600 126 (in percent) 42 37 (inpercent) 23 16 9 2 
Roth and Murnighan (1982) 720 209 54(21) 99 90 80(30) 63 56 46 37 
Common Knowledge 93 20(18) 45 42  .39(35) 30 27 18 14 

Neither Knows 23 4(15) 11 11 10(37) 7 7 4 4 

$20 Knows 24 6(20) 12 il 11(36) 10 8 4 4 

$ 5 Knows 21 5(19) 10 10 8(32) 7 7 6 5 

Both Know l 25 5(17) 12 10 10(33) 6 5. 4 1 

Not Common Knowledge 116 34(23) 54 48 = 41(27) 33. 29 R B 

Neither Knows 33 3(8) 16 15 — 12(33) 12 11 11 8 

$20 Knows 20 4(17) 6 4 4(16) 4 2 1 1 

$ 5 Knows 37 18(33) ` 23 20 17(31) 12 11 11 10 

Both Know 26 9(26) 9 9 8(23) 5 5 5 4 

` Murnighan, Roth, and | 
Schoumaker (1988) 540 296 111(27) 170 160 148(36) 121 108 83 30 
Low-Disagreement Payoff : 177 27(13) 99 94 86(42) 65 55 41 14 
High-Disagreement Payoff 119 84(41) 71 66 62(31) 56 53 42 16 
>— The New | 

Experiment (1987) 540 325 91(22) 159 149 133732) 103 91 67 37 

10-15 Game 82 22(21) 45 44 41(39) 28 26 18 9 

6-14 Game 81 23(22) 36 35 28(27) 20 18 12 7 

5-20 Game 80 24(23) 40 35 33(32) 28 22 18 11 

. 4-36 Game ~ 82 22(21) 38 35° 31(30) 27 25 19 10 

Totals | 956 ` 281(23) 462 428 39032) 310 271 205 106 
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FIGURE 5. CUMULATIVE FREQUENCIES FROM ROTH, MALOUE, 
AND MURNIGHAN (1981) 
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FIGURE 7. CUMULATIVE FREQUENCIES FROM MURNIGHAN, ROTH, 


AND SCHOUMAKER (1988) 


Agreement ‘times were compared across 
conditions within each experiment. Unlike 
the tests of agreement terms, both nonpara- 


metric and parametric tests showed no sig- __ 
nificant differences among conditions ‘in. 


Roth, Malouf, and Murnighan (1981), Roth 
and Murnighan (1982), or the new experi- 
ment. In the most stringent test, in the new 


n 


l 


experiment, neither. the timing of agreements 
nor the variance of agreement times re- 


"sponded to the differences in the bargainers’ 
__ prize values and the associated changes in 
__ the distribution of agreement terms. 


There was a significant difference in agree- 
ment times in comparisons of the three stud- 
ies in Murnighan, Roth, and Schoumaker 
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FIGURE 8. GUNA FREQUENCIES FROM THE NEW EXPERIMENT 


i 


(1988): F(2,289) = 8.32, p<.01. Study 1 
agreements (X=352 seconds) were made 
more quickly than study 2 (X= 463) or 
study 3’s (X = 426). Almost all the agree- 
ments in study 1 of this experiment were 
reached in the low-disagreement prize condi- 


tion. In those games the players had equal ` 


prizes, and there was a preponderance of 
equal division agreements.. The games in the 


‘other two studies were more complicated. 


Analyses were also conducted within the 
conditions of each experiment to assess the 
relationship. between agreement outcomes 
and agreement time.°, Table 3 summarizes 
the correlational analyses for each of the 
studies. Although a few positive correlations 
were significant, suggesting that better out- 
comes were obtained by the low prize player 
when agreements were later, the most inter- 
esting results are in the Roth and Murnighan 
(1982) experiment, when the $5 player knew 
both prizes and the $20 player knew only his 
own. Here a strong negative correlation re- 


sulted when the information was common ` 


Analyses across conditions of the experiments also 
investigated the relationship between average agreement 
times and disagreement frequencies: ‘the correlation was 
not significant. 


knowledge, and a strong positive correlation 


: resulted when the information was not com- 


mon knowledge. These correlations disap- 
pear when they are calculated for only the 
agreements reached in the last 30 seconds 
(r(3) = —.06 and r(4) = —.22, ns). Never- 


` theless, these findings provide the basis for 


speculation about the different strategies that 
may-have been utilized: in. these two con- 
ditions. Overall, however; the correlations 
suggest little in the way of a consistent rela- 
tionship between agreement outcomes and 
apreement times. 

Table 4 provides information about the 
freguency of agreements. in the last 30 sec- 
onds of negotiating, and how many of those 
agreements occurred in the last 5 or 1 sec- 
ond, and how many agreements: in the. last 
five seconds went to the. very last -second. 
There is clearly a concentration of agree- 
ments right before the deadline, - most 
dramatically in Roth and Murnighan (1982), 
where almost half of the agreements reached 
in the last 30 seconds were reached in the 
last second.’ These numbers are reflected in 


Recall that in the last three minutes of bargaining, 


the amount of time remaining appeared on the screen. 
Because of the cycle time of the software controlling .the - 
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TABLE 3— CORRELATIONS BETWEEN AGREEMENT TIME AND AGREEMENT OUTCOME 
FOR THE LOWER-PRIZE PLAYER (FREQUENCIES IN PARENTHESES) 


FOR ALL FOUR EXPERIMENTS 

Roth, Malouf, Game 

and Murnighan (1981} 1 2 3 4 
Full Info .33(12) .07(12) .46(12) .11(10) 
Partial Info — 19(14) .16(13) — .21(10) .33(14) 

'. No Info — .08(7) ~~ .49(8) no .83*(7) 
| variance 
(all 50--50’s) 
Common Not Common 

Roth and Murnighan (1982) Knowledge Knowledge 
Neither Knows — .15(23) .20(33) 
$20 Knows — 06(24) — .16(20) 
$ 5 Knows — .61**(21) A9**(37) 
Both Know — 59**(25) — :15(26) 
Murnighan, Roth,. Disagreement Prize 

and Schoumaker (1987) Low High 
Study 1 — ,07(32)? — 28(7) 
Study 2 — ,06(59)* — .04(32)* 
Study 3 .26*(84)° .21(81)° 
The New l . Game 

Experiment 10-15 6-14 5-20 4-36 

i 20(82)  .03(81) 27*(80)  — .08(82) 
*p<.05 . 
m < 01 


. “In these conditions, both players had the same e The čorrelanoni were 
computed using the outcomes for thé less risk averse of the two negotiators. 
' In these two conditions, correlations were computed for the low-prize player. 
` Comparable correlations for the less risk-averse players were not significant: r(84) = 


~ 11 and r(81) = — 15, ns. 


the steepness of the cumulative distributions 
of agreements in the final seconds `of 
bargaining (Figures 5-8). 

In summary, in each of these experiments 
the data exhibit a very clear concentration of 
agreements in the final seconds before the 
deadline. The distribution of times at which 
agreements are reached appears to be much 
more constant among conditions within each 


experiments (which were conducted using a mainframe 
computer under time-sharing), any agreement may have 
been concluded a little before or after the recorded 
time. Similarly, the last recorded agreement -was as late 
as 724 seconds in one “12-minute” bargaining encoun- 
ter, but appears in this data as an secon at 720 
` seconds, 


experiment and among experiments than are 
the terms of agreement (see Table 1). 


IV. Possible Theoretical Models 


We turn now to consider what: kinds of 
theoretical bargaining models offer explana- 
tions for a concentration of agreements at 
the deadline. If we were looking for an ex- 
planation of this phenomenon in isolation, 
straightforward modifications of models in 
the literature would seem quite promising. 
However, the situation is more complicated 
when we look for an explanation of the 
deadline effect that can also account for the 
patterns of agreements and disagreements in 
these experiments. 


H 
i 
i 
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TABLE 4——THE PERCENTAGE OF AGREEMENTS REACHED IN THE Last 30 SECONDS 
AND, OF THOSE, THE PERCENTAGE REACHED IN THE LAST 5 OR ] SECOND 


Percent 
Agreements 
in Last 
30 Seconds 
Roth, Malouf, and 
Murnighan (1981) . | 23 
Roth and 
Murnighan (1982) . 38 
Common Knowledge 42 
Not Common Knowledge 35 
Murnighan, Roth, and 
Schoumaker (1987) > 20 
Low-Disagreement Payoff 49 


- High-Disagreement Payoff 52 
Roth, Murnighan, and 


Schoumaker (1987) _ 41 
10-15 Game 59 
6-14 Game’ 35 
5-20 Game 41 
4-36 Game - ' 38 


Totals : o 4 


The family of axiomatic models of bar- 


gaining do not explicitly consider time, and 


do not say anything directly about the 
deadline effect. To consider what kinds of 
strategic models might be appropriate, recall 


the following features of the experimental 


environment. 

To reach an agreement, a bargainer needed 
to return a proposal identical -to the ‘last 
proposal received. Since entering and send- 
ing a proposal requires a short series of key 
strokes, some time is needed to accept an 


_ Offer, and still more time is needed to make a . 


new proposal and have it accepted. Conse- 
quently, in the last seconds: before the 
deadline there may be some doubt about 
whether enough time remains for a given 


_ transaction. Furthermore, because the com- 


puter programs that controlled these experi- 
ments had a cycle time of approximately 2 
seconds, bargainers could not be completely 
certain how many seconds remained. Thus 
the exact timing of the (effective) deadline is 
a little uncertain. The bargainers bargained 
for a while with no risk that the bargaining 
would be exogenously terminated, but as the 
deadline became quite close, there was an 


Percent of Percent Last Percent Last 


Last 30 30 Second 5 Second 
- Agreements Agreements Agreements 
in Last 5 in Last 1 in Last 1 
31 7 22 
59 46 80 
46 36 78 
66 56 85 
56 20 36 
47 16 34 
68 26 38 
50 28 55 
43 22 50 
43 “29. = 58 
55 33 61 
6l > 32 53 


53 27 52 


increasing probability that the bargaining 
would. end in the next instant, before ad- 
ditional proposals could be made.’ 


A. Complete Information Models of 
Sequential Bargaining 


A growing body of literature concerning 
strategic models of bargaining explicitly 


models the passage of time. (Much of the 


recent work takes its inspiration from the 
infinite horizon model of Rubinstein, 1982; 
see Roth, 1985, for a collection of repre- 
sentative work.) There are two key elements — 
to this approach. First, bargaining is mod- 
eled as being costly, in that negotiation takes 
time, consumption does not -occur until 
agreement takes place, and future payoffs 
are discounted relative to present payoffs. 


*Even apart from the precise details of sending and 
accepting proposals and keeping time in these experi- 
ments, it seems reasonable to postulate that in a variety 
of negotiating environments with a fixed deadline, as 
the deadline approaches, the probability rises that es- 
sentially exogenous factors will prevent an agreement 
from being reached. 
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Specifically, time is divided into periods in - 


which bargainers alternately have the option 
to make offers. If an offer is accepted, 
bargaining ends and the bargainers: receive 
their agreed payoffs. If an offer is declined, 
bargaining continues to the next period, and 
the value of potential agreement shrinks 
according to some discount factor. Disagree- 
ment results if no offer is accepted at any 
period. The second element is that the pre- 
dicted outcome is a subgame-perfect equi- 
librium. Thus neither bargainer can commit 
himself to a contingent course of action that 
he would not want to carry out if the con- 
tingency should arise. 

These two assumptions allow a unique 
subgame-perfect equilibrium to be com- 
puted. Intuitively, the shrinking value of the 
pie, together with the requirement of sub- 
game perfection, allows the solution to be 
determined by “working backward” (com- 
pare Ingolf Stahl, 1972). The shrinking pie 
gives the bargainers an incentive to reach an 
early agreement. 

Although most of the discussions in the 
literature speak of this shrinkage as being 
due to. discounting, when players are: ex- 
pected utility maximizers it is equivalent to 
think of this “shrinkage” as arising from a 
probability. that each period will: be the last, 
so that future payoffs are discounted by the 
probability that the bargaining will continue 
to that point. That is, if a player turns down 
an offer in any period; there is some prob- 


ability that: the opportunity ` to- continue. 


bargaining will disappear before a counter- 
offer can be- made, and in this case both 
bargainers: will- receive nothing (compare 


Binmore, Rubinstein, and ae a | 


heer. | 

So the baraan environmient of our ex- 
periments can be thought of as consisting of 
a very large:number of very-short periods, 
each. having: zero probability of being the 
last, until we reach some period near the 
deadline. After that, each period has some 
probability. of being. the last, and this prob- 
ability increases as the deadline approaches, 
until thë last ‘possible period is reached. (A 
finite horizon‘miodel of just this kind is con- 


sidered in Joseph Harrington,.1986. See. also 


Oliver Hart, 1986.) 
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' Of course, in our experiments bargainers 
are. not constrained to alternate in making 
offers. But the remarks we have made about 


. these simple models, while sensitive. to the - 
`- rules about how offers can be made, extend, 


for example, to models in which each 
bargainer has an equal chance of ‘being able 
to make the next offer at each period (see 
Binmore, 1987). When periods are very short, 
this may not be such a bad approximation to 
our experimental environment. Nevertheless, 
to develop a specific model along these lines, 
it would be necessary to specify exactly the 
rules of proposals in a way that precludes 
simultaneous proposals by the two bar- 
gainers,” but is faithful to the rules of these 
experiments. This could involve some subtle- 
ties which we will not explore here, since our 
purpose in this section is to discuss certain 
qualitative features of equilibrium in a model 
of this kind. 

< At a subgame-perfect equilibrium of a 
model of this sort, the terms of agreement, 
but not the time of agreement, are uniquely 
defined. (The time of. agreement would be 
uniquely- defined if the first period of 
bargaining had a positive probability of being 
the last, but we are now speaking of models 
in which ‘there is no cost to delaying agree- 
ment until near the end.) At equilibrium, 
agreement can be reached at any period up 
to and including the first period that-has a 
positive probability of ‘being the last (i.e., at 
equilibrium no agreements’ are reached after 
the end of this first probabilistic period). 


Finally there are no disagreements at eami; ‘ 


librium. 

While’ sche a model' does ‘not mendik a 
concentration of agreements near. the very 
end, it’is‘consistent with it, and also con- 
sistent with some agreements being reached 
well before the deadline, which is what we 
observe. Nevertheless the predictions of such 
a model do not fit the data we observe. On 
the one hand, we observe a substantial per- 
centage of disagreements. On the other, it is 
hard to argue that the observed agreements 


* Tn order to preserve the uniqueness of the subgame- 
perfect equilibrium. — 





` 
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correspond to a unique equilibrium agree- 
ment, particularly in those experiments that 
yield a bimodal distribution of agreements. 
We can find models that predict a positive 
probability of disagreement at equilibrium, 


- by looking at models of incomplete informa- 


tion. 


B. Incomplete Information Models of 
Sequential Bargaining 


In the last few years great strides have 
been made in exploring models of bargain- 
ing under incomplete information.!° Whereas 
the complete information literature suggests 
that all agreements will be efficient (.e., no 
disagreements will occur when joint profits 
are possible), various forms of inefficiency 
emerge as equilibrium behavior in incom- 
plete information bargaining models. In 
single-period models, this inefficiency takes 
the form of a positive probability of dis- 
agreement at equilibrium (see, for example, 
Roger Myerson and Mark Satterthwaite, 
1983, or Kalyan Chatterjee, 1985). In multi- 
period models in which time is discounted, it 
takes the form of delays in the time at which 
agreement is reached (see, for example, 
Cramton, 1985; or Chatterjee, 1985). In mul- 
tiperiod models in which there is some prob- 
ability that each period will be the last, it 
also takes the form of delays, which now 
also imply a positive probability of disagree- 
ment, since there is a positive probability 
that the bargaining will terminate before 
agreement is reached. 

To get some intuition about these models, 
consider a model of sequential bargaining in 
which (at least) one of the bargainers has 
some private information about something 
germane to the outcome of bargaining.’ 


10See, for example, Chatterjee, 1985; Peter Cram- 
ton, 1985; Drew Fudenberg and Jean Tirole, 1983; 
Fudenberg, David Levine, and Tirole, 1985; Myerson 
and- Satterthwaite, 1983; Myerson, 1985; Rubinstein 
1985a,b; Joel Sobel and Ichiro Takahashi, 1983. 

“Yn the literature this is often taken to be informa- 
tion about the size of the potential profits to be divided, 
but this is not the only kind of information that could 
enter the model in this way. For our present purposes, it 
might be useful to think of the private information as 
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Suppose for the moment that the informa- 
tion is binary, and means that the informed 
bargainer is either in a “strong” or “weak” 
position, such that if the information were to 
become common knowledge, the informed 
bargainer would obtain a more favorable 
agreement if he is in the strong position. 
Even though only one bargainer is informed 
about whether his (own) position is strong or 
weak, there may still be equilibria at which a 
bargainer in a-strong position will obtain a 
more favorable agreement than one in a 
weak position. These equilibria, which are 
called “separating equilibria” (since they 
separate strong from weak bargainers), must 
involve a cost to a bargainer in a strong 
position that he would be unwilling to pay if 
he were in a weak: position. (Otherwise a 
bargainer in a weak position would simply. 
do whatever the equilibrium would have 
called for him to do had he been strong.) In 
multiperiod models in which delay is costly, 
the cost to the strong bargainer of demand- 
ing the more favorable agreements is that 
these are reached later than agreements 
reached by weak bargainers.. | 

When the costliness of delay arises from a 
positive probability that each period will be 
the last, this means that at a separating 
equilibrium strong bargainers face a higher 
percentage of disagreements than weak bar- 
gainers. Not only the existence of disagree- 
ments and delays in these models, but. also 
the tradeoffs predicted between the frequency 
of disagreement and the terms of agreement, 
are highly evocative of the results of the 
experiments discussed above.!? Nevertheless 
there are aspects of the, data that appear 
difficult to reconcile with such a model. The 
substantial fraction of the agreements ob- 
served well before the deadline (when the 


concerning the bargainer’s own subjective probability 
distribution over the time at which a final proposal can 
be made. 

In the noncommon knowledge conditions of Roth 
and Murnighan (1982), the tradeoff between frequency 
of disagreement and the terms of agreement is virtually 
identical to what would be predicted at a strategic 
equilibrium: see the analyses presented in that paper or 
in Roth (1987). 
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probability of sudden termination is still 
zero) may be difficult to explain with this 
kind of model, particularly since the terms 
of early agreements do not seem to be dis- 
tributed differently from laté agreements.” 


V. Further Avenues of Investigation 


Further experimental and theoretical work 
is needed to better identify the roles that 
deadlines play in determining the outcome 
of negotiations. The kinds of theoretical 
models discussed above suggest some direc- 
tions for experiments intended to serve this 
purpose. 

Another line of investigation concerns the 
robustness of these results not merely to the 
kinds of experimental manipulations re- 
ported here, (and not only under the particu- 
lar mechanics of bargaining shared by these 
experiments), but also to different kinds of 
“deadlines.” In these experiments, the dead- 
line was very sharp: after the deadline, 
no furthėér bargaining could take place. In 
“many natural bargaining situations in which 
eleventh-hour agreements are thought to be 
common (see fn. 1), the deadline is an event 


“The idea is that, if bargainers in strong positions 
generally get better agreements by holding out longer, 
then late agreements should look different from early 
agreements. However, the absence of systematic correla- 
tions between time of agreement and terms of agree- 
ment in our data is not to surprising, in view of the fact 
that the experimental design makes all the observable 
features of the bargaining common knowledge between 
the bargainers in all the experiments discussed here 
except that of Murnighan, Roth, and Schoumaker 
(1987). (And in that experiment, there is no significant 
correlation between the time of agreement and the 
terms achieved by the less risk-averse bargainer; see 
Table 3.) Maybe if we could observe players’ priors 
about exactly how much time was left we would see 
some correlation, with players who were more relaxed 
about the deadline doing better in last-minute agree- 
ments. This is, of course, an idea that can be investi- 
gated with an appropriately designed experiment. 

Of course quite different theoretical models from 
. the ones discussed here may also suggest directions to 
further explore deadline phenomena. Shmuel Zamir has 
pointed out to us that both delays and disagreements 
can occur in games of timing (with complete informa- 
tion), in which there is some irreducible uncertainty 
about when a given decision to accept a standing offer 
will be executed. 
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like the expiration of .a contract. In such 
cases bargaining may still continue after the 
deadline, but at greater cost, or subject to 
greater uncertainties. Of course, under labor- 
atory conditions the nature of the deadline 
can be freely varied, and so this too is a 
natural target of further experimental inves- 
tigation. 

In conclusion, one of the clearest phenom- 
ena to emerge from the experiments dis- 
cussed here is a “deadline effect”: a very 
high percentage of agreements are reached 
very close to the end, just before the deadline. 
This phenomenon is robust, in the sense that 
the distribution of agreements over time does 
not respond to changes in the bargaining 
environment nearly as much as do other 
features of the outcome of bargaining, such 
as the terms on which agreement is reached. 
Because deadlines are widely believed to 
often have similar effects in natural bargain- 
ing situations, understanding this phenome- 
non is likely to have practical implications 
about the design and conduct of negotia- 
tions, and may also shed further light on the 
causes of bargaining inefficiencies, which ap- 
pear with substantial frequency in all the 
data considered here, in the form of costly 
disagreements. Presently available theoreti- 
cal models do not appear to be able to 
adequately account simultaneously for the 
observed patterns of agreement terms, agree- 
ment times, and frequency of disagreement, 
although separately each of these can be 
“explained.” It seems likely to us that many 
of these features of the data are related, and 
can neither be observed nor adequately un- 
derstood in isolation. Consequently, the task 
of further understanding the effects of 
deadlines presents a challenge both to theo- 
rists and experimenters. 
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A Further Test of Noncooperative Bargaining Theory: Comment 


By JANET NEELIN, HUGO SONNENSCHEIN, AND MATTHEW SPIEGEL* 


A great deal of attention has recently been 
devoted to providing noncooperative game 
theory foundations to bargaining problems, 
(compare Ingolf Stahl, 1972, and Ariel 
Rubinstein, 1982). This approach has pro- 
duced sharp predictions about the way 


. surplus will be divided, and has given hope 


that a problem long thought to be insoluble 
might be resolved. This paper reports the 
results of two experiments designed to test 
the theory of bargaining developed by 
Stahl /Rubinstein.1 Each experiment was de- 
signed :to conform precisely to their rules of 
the game. We were particularly interested in 
how their solution, which is based on back- 
ward induction, would fare when bargaining 
was extended over more than two periods. 
We were also interested in how the outcomes 
would compare with the alternative hypothe- 
sis that bargainers tend to split a pie 50-50. 
Our work can also be seen as a response 
to the experiment reported by K. Binmore, 
A. Shaked, and J. Sutton (1985). They show 
that in a two-round game with alternating 
offers and a shrinking pie, experienced 
subjects chose offers consistent with the 
Stahl /Rubinstein theory. We duplicate their 
“Game B” result,? but demonstrate that in 


*Economics Department, Princeton University, 
Dickinson Hall, Princeton University, Princeton NJ, 
08544, and Graduate School of Business Administra- 
tion, Columbia University, Uris: Hall, New York, NY 
10027. We would like to thank the Industrial Relations 
Section at Princeton and the Columbia Business School 
for funding this project. We also thank Alvin Roth and 
Kenneth Binmore for insightful comments regarding the 
interpretation of our results. Finally, we thank Joshua 
Angrist Thomas Bogart, Paul Brewer, Martin Evans, 
Kyung Hwan Kim, Zhou Lin, John Londregan, Sheena 
McConnell, Phil Reny, and Jereon Swinkels for their 
assistance in running the experiments. Any errors are 
our own. 

1Rubinstein considered the case in which there is no 
a priori limit on the number of demands that will be 
made. This case is not considered here. 

*In their “Game A,” first-time players tended to 
settle on an equal split. In “Game B,” players who had 
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games with more than two rounds the 
Stahl /Rubinstein theory is rejected. Thus to 
conclude on the basis of their results that 
subjects behave as “gamesmen” (i.e., in a 
manner consistent with the predictions of 
backward induction), would be premature. 
In experiments with varying numbers of 
rounds, our first players consistently de- 
manded divisions which left their opponents 
with shares equal to the value of the second 
round pie.’ In a two-round game this behav- 
ior by definition yields demands consistent 
with the Stahl/Rubinstein theory. In games 
with more rounds it does not. The regularity 
of our subjects’ behavior is most striking. In 
our experiments that went more than three 
rounds, the Stahl/Rubinstein division was 
strongly controverted. Furthermore, the divi- 
sions that were observed were remarkably 
similar across bargaining pairs and these di- 
visions did not vary with experience or with 
the amount of money at stake. 


I. The Model 


In our version of the Stahl /Rubinstein 
model, a bargaining round consists of one 
party demanding a division of the “pie” 
which the other must accept or reject. If the 


received demands in the first game were invited to make 
demands. Only the opening demands in this second 
game were recorded. The now-experienced players acted 
as “gamesmen.” Binmore et al. speculate that inexperi- 
enced players choose an equal split because it is an 
“obvious and acceptable compromise” but that players 
who understand the structure of the game act in a way 
consistent with game theory. It is natural to compare 
our two-round results with their “Game B” results 
because we allowed our subjects to play a practice 
round. 

>We believe that this outcome is specific to the 
particular parameter values chosen. We do not claim 
that the Stahl /Rubinstein theory would be rejected for 
all choices of parameter values, nor do we claim that 
our choice of parameter values was the most favorable 
to the theory. 
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demand is accepted the game ends and the 
parties receive their shares of the pie. If the 
demand is rejected the game continues into 
another round. The power to make a de- 
mand alternates between the players. The 
value of the pie shrinks in each round. In 
_ our experiments, both parties receive zero 
payoffs if agreement is not reached in a fixed 
number of rounds. Suppose there are three 
rounds and the value of the pie in the three 
rounds is $5.00, $2.50, and $1.25. If rational- 
ity is common knowledge then the first 
player’s demand is determined as follows: If 
play continues to the last round the first 
party can obtain $1.25 (less epsilon) and the 
second party, if that person is rational, must 

accept this division. Therefore, in the second 


round, the second party must offer at least: 
$1.25 to the first. So if play continues to the. 


second round the second party will get $1.25 
($2.50 — $1.25). Hence in the first round, the 
first party must offer $1.25 to the second, 


which leaves the first party with $3.75 ($5.00 


— $1.25). The first party’s predicted demand 
yields what we call the Stahl/Rubinstein 
split. The theory predicts that the first player 
will always demand the Stahl/Rubinstein 
split and the second player will always accept 
it. Hence, only one round of bargaining 
should ever be observed. 


A. Experiment 1 


The first experiment was conducted in two 
classrooms at Princeton University. The sub- 


bh. jects were 80 junior and senior students in 


an intermediate micro-theory course with a 


calculus prerequisite. The subjects were ran- 


domly and anonymously paired; first. players 
were assigned to'a “seller” room ‘and second 
players to a “buyer” room.- Each subject 
received a set of written-instructions, a sam- 
ple offer sheet, and flowcharts illustrating the 
structure of each ‘game. The package the 
subjects received is reproduced in Appendix 


1, After ‘answering questions about the in- 


structions, we worked through an example of 
the four-round game on the blackboard using 
letters rather than numerical values since we 
did. not want to suggest divisions to the 
subjects: We then ran a four-round practice 
game followed by two-, three-, and five- 
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TABLE 1—EXPERIMENT 1: 
VALUE TO BE DIVIDED IN EACH ROUND 








Round 

Number Two Rounds’ Three Rounds Five Rounds | 
i $5.60 $5.00 $5.00 

2 1.25 2.50- 1.70 

3 - 1.25 =- 58 

4 _ ~ 20 

5 — ~~ O07 


round games in which the pie started at 
$5.00. 3 
- Sellers made the first demand in every 


‘game. Demands were entered on a sheet 


which ‘we delivered to the buyers. Buyers 
could accept or reject by circling the ap- 
propriate word on the sheet. The sheet was 
taken back and forth until the game ended. 
The game was structured so that buyers and’ 
sellers bargained over the share the seller 
would receive. Subjects knew that they would 
bargain with a different opponent in every 
game.* 

The discount rates were chosen so that 
the sellers Stahl/Rubinstein demand was 
$3.75 in every game. By making the Stahl/ 
Rubinstein split the same in ‘each game we 
intended to give the Stahl /Rubinstein the- 
ory the best chance of being accepted. This 
design adds force to our rejection of the 
Stahl /Rubinstein prediction. We chose the 
value $3.75 because it is quite different from 
$2.50 yet it leaves the buyer with a non- 


. negligible amount. The values of the pie for 


each round of each game are shown in Table 
1. : 


“For example, seller 1 bargained first with buyer 5, 
then -with buyer 10, and finally with buyer. 15. This 
design was intended to-minimize problems arising from 
adjacent buyers or sellers exchanging information about 
their opponents. Subjects were also asked not to discuss 
the game with anyone. i 

°Kenneth Binmore has pointed out to us that the 
“framing” of our experiment may have.influenced stu- 
dents not to choose equal. splits. Specifically, the fact 
that the experiment was nun in the context of a micro- 
theory class may have predisposed stúdents to try to act 
in an. optimizing’ manner. Readers may wish to keep this. 
caveat in mind. when evaluating our rejection of the 
equal-split hypothesis. However, we feel that if this 
effect exists it strengthens our rejection of the Stahl/ 
Rubinstein hypothesis. 
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FIGURE 1. FIRST OFFERS IN THE TWO-, THREE-, AND FIVE-ROUND GAMES 
i FREQUENCY BAR CHART 


TABLE 2—- EXPERIMENT 1: VALUE OF FIRST OFFERS IN 
Two-, THREE-, AND FIVE-ROUND GAMES 


l Two Rounds 

Value Offered Rejected 
< 2.50 — = 
2.50 2 ~~ 
_ 2:51-2.99 - _ 
3.00-3.29 1 -= 
-3.30 - ~ 
3.31-3.49 -— - 
3.50-3.74 18 2 
3,75 15 3 
> 3.75 4 4 


The outcomes of experiment 1 are re- 
ported in Figure 1 and in Table 2. The raw 
data are shown in Appendix 2. Figure 1 
illustrates the fact that our subjects acted 
very consistently: Faced with the same prob- 
lem most’ chose similar solutions. In the 
two-round experiment, 15 out of 40 sellers 
demanded the Stahl/Rubinstein division 
which gave them $3.75. Thirty-three sellers 
made demands between $3.50 and $3.75. 
Sellers might be expected to ask for slightly 
less than $3.75 because buyers who perform 
the backward induction will be indifferent 
between accepting a demand of $3.75 and 


Three Rounds Five Rounds 
Offered Rejected Offered Rejected 
4 = z = 

28 _ 2 = 
J = ~ = 
3 - 15 1 

= S i4 1 

= cs 4 fe 
3 2 2 - 
- - 3 3 


making a counteroffer of $3.75 minus epsi- 
lon. Only nine first-round demands were re- 
jected. Of these, seven involved demands 
greater than or equal to $3.75. Two demands 
of $3.70 and $3.74 were also rejected. “ Fair- 
ness” does not seem to have been at issue in 
these instances since neither counteroffer 
proposed a 50-50 split of the remaining pie. 
As we noted above, our two-round game 
replicates the “Game B” results of Binmore, 
Shaked, and Sutton (1985). . 

The Stahl /Rubinstein result is strongly 
controverted in our three-round experiment. 
Taken on its own, our three-round experi- 
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7.50 6,50 9.90 11.25 14.00 
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FIGURE 2. EXPERIMENT 2: FIRST OFFERS IN THE FIRST-, SECOND-, AND THIRD 
- FIVE-ROUND GAMES FREQUENCY BAR CHART `. 


ment could be interpreted as evidènce in 
favor of the equal-split hypothesis. Twénty- 
eight out of 40 sellers demanded a 50-50. 
split of the = 5.00 pie. Four others’ made 
demands slightly less than $2.50 while five. 
more shaded. the other way and made de- 


mands between $2.50 and $3.00. Only three 


demanded the Stahl/Rubinstein split, and 
two of these demands were rejected. All of 
the other demands were accepted. Keep in 
mind the analysis of this game which follows 
the introduction to the model. An ini- 
tial offer of $2.50 is simply inconsistent with 
the hypothesis that rationality. is common 
knowledge. Both parties: should reason that 
if the buyer rejects a first demand, then 
he/she will not be able to get more than half 
of the remaining $2.50 surplus. Thus, it 
should be common knowledge that the buyer 
will accept an initial demand of $3.75, (less 
epsilon), and no lower demand should be 
observed. 

Data from the five-round game are not 
consistent with either the Stahl /Rubinstein 
or the equal-split prediction. Fourteen sellers 
made demands of $3.30. Altogether, 33 
sellers made demands between $3.00 and 
$3.50. Only two séllers made demands be- 
tween $3.50 and $3.75 and only two de- 
manded $2.50. Three demands greater than 
$3.75. were made and rejected.. Two demands 
of $3.20 and $3.30 were also rejected. Given 


that $1.70 was the most a buyer could possi- | 
bly get if bargaining continued, it is natural 
to consider the hypothesis that sellers act 
myopically: They always act as if they were 
in the two-round game.° 


B. Experiment 2 


Our second experiment was designed to 
test the robustness of the behavior we ob- 
served to increases in the level of bargaining 
experience and to increases in the amount at - 
stake. We ‘had thirty junior and senior inter- _ 
mediate micro-students play the ‘five-round 
game four times: Once for practice and three 
times for cash.’ We also tripled the amount 
of money involved. The revised flowchart for 
the five-round game is shown in Appendix 1. 

The outcomes of experiment 2 are re- 
ported in Figure 2 and Table 3. Once again, 
the consistency of our subjects’ behavior is 


Due to’ time constraints we ended the. five-round 
game after three rounds. Only one pair was still 
bargaining at this point. An observant reader will notice 
that observation 104 in Appendix 2 is truncated. 

"The students came from the same intermediate mi- 


_ cro-theory course, as those in the previous experiment, 


but not from the same class. 
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TABLE 3— EXPERIMENT 2: FIRST OFFERS AND RESPONSES | 
First Game . Second Game ` Third Game 
Value Offered Rejected Offered Rejected Offered Rejected 
Rejected 
7.50-8.00 1 ~ 2 -— 2 = 
8.75-9.00 2 — 1 — 1 =- 
9.50-9.85 5 1 4 1 4 ~ 
9.90 pr se 4 1 4 =- 
10.00 3 ~ 4 - 3 = 
10.50 — ~ — -— 1 1 
14.00 1 1 — - -— — 
Total Rejected gie 4 4 2 1 
TABLE 4— EXPERIMENT 2: FIRST OFFERS AND. RESPONSES BY INDIVIDUAL 
Seller: i 2 3 4 5 6 7 
Game 1 9.90 9.50 14,00 9.90 10.00 9.50 10.00 
Game 2 9.90 10.00 9.90 8.00 10.00 9.78 10.00 
Game 3 9.90, 1050 ., 9,90 9.90 10.00 9.50:, 10.00 
_ Responses:* 111. ., 110 011 0il 111 101. 111 
Seller: 8 ae 10 It 12. 13 14. 15 
Game i 9.50 10.00 9. 00 9.50  _ 9.00 9.85 9.90 8.00 
Game 2 - 9.50 10.00 9,90 9.50 ° 8.75 9.85 9.90 7.50 
Game 3 9.50 10.00 9.90 9:50 ~ 9.00 - 9.85 7.50. “8.00 ' 
_ Responses: 111 111 ili. Olli 111 111 001 Ii - 


aThe first digit is one if the first offer of the first game was accepted and zero 
otherwise. The second digit refers to the second Same, etc: 


“striking. Almost all bargaining: pairs: settled 
in the first round, and 70 percent of the first 
demands lie between $9.50 and-$10.00. There 
is no evidence of movement toward the 
Stahl/Rubinstein split on the part of the 
sellers, and experience does not change the 
opening demands. In each game; three sellers 
demanded less. than $9.00, 11. :to:12 made 
demands between $9.50 and $10.00, and 0 or 
1 demand was higher than $10.00. By way of 
comparison, 24 out of 40 first demands from 
experiment 1’s five-round game lie between 
$3.20 and $3.33. Evidently, changing the 
amount at stake did not significantly change 
the division. - No, demand close -to. the 
. Stahl /’ Rubinstein demand of S11. 25 was ob- 
served. 

A total of seven TE, were rejected: 
Four in the. first game, two in. the second, 
and one in the third. Only the rejection by 


buyer. seven of an. opening bid of fourteen 
can. be explained by noncooperative bargain- 
ing. theory. The counteroffers.made by the 
other six buyers are shown in Appendix 2. 

. Table 4 addresses the. question of whether 
agents learn to become. :Stahl/Rubinstein 
gamesmen through repeated:play. The’ open- 
ing demands are arranged ‘by seller number. 
Seven sellers made the same demand in all 
three rounds. Four reduced their opening 
demand after a previous demand. was re- 
jected, which moved.them further away from 
the Stahl/Rubinstein split. Sellers two and 
six raised their opening demands, but six 
lowered. his again-in the third round. Thus 
seller two was the only player to consistently 
move toward the Stahl /Rubinstein split, but 
her third demand was only $10.50. In short, 
the: hypothesis that agents will learn to be 
gamesmen is strongly rejected, 





b- 
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= Conclusions : 


equal-split models predict the bargaining be- 
havior observed in our six games. A conve- 
nient summary of what we observed is that 
in each game the sellers demanded divisions 
in which the buyers received the value of the 
second-round pie. Thus, sellers matched the 
best that the buyer could ever do, were 
players to continue to a second round. The 
great majority of sellers demanded this split, 
and their demand was accepted. The divi- 
sions that were obtained in each game were 
remarkably similar across bargaining pairs, 


and these divisions did not vary with experi- . 


ence or with the amount of money at stake. 
Indeed, the strong regularity of the behavior 
we observed is one of the most noteworthy 
aspects of our results and lends power to our 


APPENDIX 1: 

Exp Seller Buyer. 

2 31 1 3.757 1 
2 a2 3.75 1 
2 33 3 3.74 1 
2 34 4 3.70 1 
2 35 5 3.75 0 
2 1 6 3.75 1 
2 2. 7 3.90 0 
2 3 8 3.74 1 
2 4 9 3.75 1 
2 5 10 3.80 — 0 
2 6 11 2.50 1 
2 7 12 3.50 1 
2 8 13 3.70 1 
2 9 14 3.75 — 1 
2 10 15 3.74 1 
2 uo 16 3.85 0 
2 12 17 3.75 1 
2 13 18 3.74 0 
2 14 19 3.50 1 
2 15 20 Ce 1 
2 16 21 3.50 1 
ee 17 22 3.75 | 1 
2 18 23 3.75 0 
2 19 24 3.50 1 
2 20 25 3.00 1 
2 21 26 aD - 0 
2 22. 27 3.74 1 
2 23 28 3.50 1 
2 24 29 3.70 0 
2 25 30 3.60 1 
2 26 31 3.75 1 
2 27 32 3.74 1 
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0.75 


0.01 


0.65 


0.05 


0.63 


1.00 
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“rejection ‘of' both the’ Stahl / Rubinstein the- 


i ory 2 and the ge model:* 
Neither cn Stahl /Ritbinstein nor “the fe 


8We do not claim that in. general sellers will act as if 
they are in a two-round game. It is easy to think of 


_ games with the same structure as ours in which one 
. might not expect, sellers to act asif they were in a 


two-round game, : ‘Consider the three-round game in 
which the pie shrinks from $5.00 to $4.50. We would 
not expect the first party to demand ‘only $.50. 

Our results also do not controvert the literature 
which shows that in some symmetric games parties tend 
to settle on an equal split or on some other “focal - 
point” (compare A. Roth and M. Malouf, 1979; or Roth 
and K, Murnigan, 1982), since our games have a very 
particular structure. For example, in our game asymme- 
try is introduced: by giving one party the right to make 
the first and last demands. (We do not mean to suggest 
that equal splits occur only-in symmetric games. See W. 
Giith et al., 1982, for a counterexample.) 


EXPERIMENT 1 DATA: OFFERS AND RESPONSES IN EACH GAME, 1 = ACCEPT, 0 = REJECT 


Offerl Reply1l Offer2 Reply2 Offer3 Reply3 Offer4 Reply 4 
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APPENDIX 1: EXPERIMENT 1-DATA: OFFERS AND RESPONSES IN EACH GAME, 1 = ACCEPT, 0 = REJECT 


Exp Seller Buyer Offerl Replyl Offer2 Reply2 Offer3 Reply3 Offer4 Reply 4 pen 
2 28 33 3.75 l . . 
2 29 34 4.00 0 0.05 0 
2 30 35 3.75 1 . . 
2 41 40 3.75 1 
2 42 41 3.50 1 
2 43 42 3.60 1 
2 ad 43 -3.50 1 
2 40 44 © 250 1 
E3 27 I 2.50 1 
3 28 2 2.50 1 
3 29 3 2.50 l : 
3 30 4 2.50 1 . 
3 31 5 2.50 1 . 
3 32 6 3.00 1 . 
3 33 7 2.49 1 . . . 
3 34 8 3.70 0 1.25 1 
3 35 9 2.50 1 ; . 
3 1 10 2.80 1 
3 2 11 3.00 1 
3 3 12 2.50 1 
3 4 13 2.50 1 Š 
3 5 l4 285 1 
3 6 15 2.50 1 
3 7 16 2.49 1 
3 8 17 2.40 1: 
3 9 18 2.50 1 
3 10 19 3.74 1 . . . . 
3 11 20 3.74 0 0.00 0 1.20 0 
3 12 21 250 1 
3 13 22 2.50 1 - 
3 14 23 2.50 1 à 
3 15 24 2.50 1 
3 16 25 2.50 1 
3 17 26 2.50 l 
3 18 27 2.50 1 
3 19 28 2.50 1 
3 20 29 2.50 1 
3 21 30 250 i 
3 22 31 2.49 1 
3 23 32 250 1 : 
3 24 33 2.50 1 
3 25 34 2.50 1 
3 26 35 2.50 1 
3 43 40 306 1 
3 44 41 2.50 1 
3 40 42 2.50 l 
3 41 43 2.50 1 
3 42 44 2.50 1 . . 
5 21 1 400 0 0.60 1 
5 22 ‘2 3.29 1 . . 
5 23 3 3.00 1 
5 24 4 3.30 1 
5 25 5 3.20 i eee 
5 26 6 3.30 1 
5 27 7 3.29 1 
5 28 8 3.30 1 
5 . 29 9 3.30 1 
5 30 10 3.30 > , 
5 31 11 3.00 1 
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APPENDIX 1: CONTINUED 


~ Exp Seller Buyer Offerl Replyi Offer2 Reply2 Offer3 Reply3 Offer4 Reply 4 
5 32 12 3.40 1 
5 33 13 3.29 1 
5 34 14 3.29 1 
5 35 15 3.30 1 
5 1 16 3.40 1 
5 2 17 3.53 1 
5 3 18 3.29 I 
5 4 19 3.25 1 
5 5 20 3.40 1 
5. 6 21 2.50 1 
5 7 22 3.29 1 - 
5 8 23 3.20 0 0.58 1 
5 9 24 3.30 0 0.01 0 0.38 . 
5 10 25 4.05 0 0.65 1 , 
5 11 26 3.87 0 0.70 . 
5 12 27 3.30 1 . 
5 13 28 3.29 1 
5 14 29 3.00 1 
5 15 30 3.30 1 
5 16 31 3.00 1 
5 17 32 3.30 1 
5 18 33 -3.30 1 
5 19 34 3.30 1 
5 20 35 3.00 1 
5 44 40 3.50 1 
5 40 41 2.50 1 
5 41 42 3.30 1 
5 42 43 3.30 1 
5 43 44 3.40 I 


EXPERIMENT 2 DATA: OFFERS AND RESPONSES IN EACH GAME, 
1 = ACCEPT, 0 = REJECT 





Exp Seller Buyer Offer1 Reply 1 Offer 2 Reply 2 Offer 3 Reply 3 Offer 4 Reply 4 





. 4.10 1 


310 0 100 0 0.0 0 
205 0 90 0 30.021 


3.00 1 . ; 
175 O 114 0 030 1 


rpm eee SOOO Cco mR ecco o co & 
m m 
tN e 
pà j= 
Ne 
\O © 
tr tn 
Oo © 
bet et poed OOO RE Om D pè pe ph ped paat pa pt jaat pd Oo pat 


832 THE AMERICAN ECONOMIC REVIEW SEPTEMBER 1988 


EXPERIMENT 2: 


CONTINUED 


1 12 8 9.50 1 

1 13 9 10.00 1 

1 14 10 9.00 1 . 
1 15 11 9.50 0 2.59 
1 1 12 9.00 1 
1 2 13 9.85 1 
1 3 #14 9.90 0 2.50 
1 4 15 8.00 1 ' 
2 10 1 9.90 1 

2 11 2 10.00 1 

2 12 3 9.90 1 

2 13 4 8.C0 1 

2 14 5 10.00 1 . 
2 15 6 9.75 0 2.55 
2 1 7 100 1 
2 2 8 9.50 1 

2 3 9 100 1 

2 4 10 9.9) 1 

2 5 11 9,50 1 

2 6 12 8.75 1 

2 7 13 9.85 1 . 
2 8 14 9.90 0 2.55 
2 9 15 7.50 1 : 
3 2 l 9.90 1 
3 3 2 10.50 0 1.00 
3 4 3 9.96 1 
3 3 4 9.90 1 

3 6 5 10.00 1. 

3 7 6 9.50 1 

3 8 7 10.00 1 

3 9 8 9.50 1 

3 10 9 10.00 l 

3 11 10 9.90 1 

3 12 11 9.50 if 

3 13 12 9.00 1 

3 14 13 9.85 1 

3 15 14 7.50 1 

3 1 15 8.00 1 


APPENDIX 2: 
INSTRUCTIONS TO THE: PARTICIPANTS 


You are participating in an experiment about two- 
person bargaining. You have been divided into two 
groups called buyers and sellers. We will place the 
buyers and the sellers in different rooms and then 
randomly pair each buyer with a seller. The seller has 
an object that is worth up to $5.00 to the buyer in the 
first round. 

There will be a two-round, a three-round, and a 
five-round experiment. You will have a different partner 
in each experiment. A round consists of one party’s 
making an offer and the other party’s accepting or 
rejecting it. In the first round of each experiment the 
seller will make an offer by filling in the appropriate 
blank on the offer form. The buyer can only respond by 
circling “accept” or “reject” on the form. We will take 


0 1.50 0 0.2 0 


the forms back and forth between buyers and sellers. 
Please do not: discuss the offers you are making or 
receiving. If the buyer accepts the offer the experiment 
ends. If the accepted offer was “x,” the seller would get 
“x” and the buyer would get $5.00 minus “x.” If the 
buyer rejects the offer the experiment continues. 

In even-numbered rounds buyers make the offers and 
sellers can only accept or reject them, while in odd- 


. numbered rounds the sellers make the offers. There is a 


penalty associated with continuing into more rounds, 
since the value of the object decreases with each round. 
In the two-round game, the value of the object de- 
creases to $1.25 in the second round. Hence, if the 
buyer offers “y? and the seller accepts, the buyer gets 
$1.25 minus “y” and the seller gets “y.” If the seller 
does not accept the offer both parties get nothing. In 
general, if bargaining continues into the last round and 
the last offer is not accepted, both parties get nothing. 
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Make sure you put your buyer number or seller 
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number on the offer form. 


-~ The diagrams show the way bargaining proceeds in 
each experiment and the rate at which the value of the 


object shrinks with the number of rounds. 


At the end of all the experiments, you will be paid 


| the values you negotiated in cash. . 
These instructions are not designed to deceive or 
mislead you in any way. We are really only interested in 


Round 1 


Round 2 


Round 3 


Round 4 


Seller accepts or rejects. 


Seller makes an offer. 
Buyer accepts or rejects. 


Buyer | rejects 
Bargaining! continues 


Buyer makes an offer. 


Seller accepts or rejects. 


Selleri rejects 
Bargaining; continues 


Vv 


Seller makes an offer. 


Buyer accepts or rejects.’ 


Buyer | rejects 
Rargaining| continues 


Vv 


Buyer makes an offer. 


Seller|rejects 
Bargaining | ends 


Vv 


Both parties get nothing. 


Bargaining ends 


Bargaining ends 


Bargaining ends 


833 


what you do in this bargaining situation. In order to 


make things perfectly clear we will have one practice 


session with four rounds (for points, not cash) before 
beginning the experiments. 


You will be discussing the theory this experiment is 
designed to test in class.. 
Thank you for your participation. 


Buyer accepts 
> 


Seller accepts 


Buyer accepts 
> 


Seller accepts ` 
> 


Caaan iS 
Bargaining ends 


Buyer gets $5.00 minus 
offer. Seller geta offer. 


Buyer gets $1.60 minus 
offer. Seller gets offer. 


Buyer gets $.51 minus 
offer. Seller gets offer. 


Buyer gets $.16 minus 
offer. Seller gets offer. 





CHART 1. EXPERIMENT 1: STRUCTURE OF THE FoUR-ROUND TRIAL RUN 
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Round 1 ‘Seller wakes an offer. Buyer accepts Buyer gets '$5.00 minus 


Buyer accepts or rejects. offer. Seller gets offer. |° > 


inn ttn 
Bargaining ends . 








Buyer |rejects 
Bargaining} continues 


Round 2 Buyer makes an offer. Seller accepts Buyer gets $1.60-minus 


Seller accepts or rejects. > offer. Seller gets offer. 


Bargaining ends 
Seller| rejects 


Bargaining ends 


Both parties get nothing. 


CHART 2. EXPERIMENT 1: STRUCTURE OF THE TWO-RCUND GAME 








Round 1 Seller makes an offer. Buyer accepts Buyer gets $5.00 minus 
Buyer can accept or > offer. Seller gets offer. 


eedeers Bargaining ends 





Buyer] rejects 
Bargaining] continues 








Round 2 Buyer makes an offer. “Seller accepts Buyer gets $2.50 minus 
Seller can accept or > offer. Seller gets offer. 
reject. 


Bargaining ends 








Seller| rejects 
Bargaining{ continues 


Round 3 Seller makes an offer. Buyer accepts Buyer gets §1.25 minus 
Buyer can accept or offer. Seller gets offer. 


> 
reject. 


Bargaining ends i 








Buyer rejects 
Bargaining} ends 


Both parties get nothing. 


CHART 3, EXPERIMENT 1: STRUCTURE OF THE THREE-ROUND GAME 
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Round 1 Seller makes an offer. Buyer accepts Buyer gets $5.00 minus 


Buyer accepts ‘or rejects. 5 offer. Seller gets offer. 


Bargaining ends 


Buyer | rejects 
Bargaining| continues 


Ý 
“Round 2 - Buyer makes an offer. Seller accepts Buyer gets $1.70 minus 
Seller accepts or rejects. offer. Seller gets-offer. 


> 
Bargaining ends 


Seller| rejects 
Bargaining| continues 


-Round 3 | Seller makes an offer. Buyer accepts Buyer gets §.58 minus 


Buyer accepts or rejects. x offer. Seller gets offer. 


Bargaining ends 


_ Buyer|rejects 
Bargaining | continues 


Round 4. | Buyer makes an offer. . Seller accepts Buyer gets $.20 minus 
Seller accepts or rejects. > offer. Seller gets offer. 


‘Bargaining ends 


Seller| rejects 
Bargaining] continues 


Round 5 Seller makes an offer.- Buyer accepts Buyer gets $.07 minus 


Buyer-.accepts' or rejects. —% offer. Seller gets offer. 


Bargaining ends 
_ Buyer rejects 


Bargaining {ends 


Both parties get nothing. 


CHART 4. EXPERIMENT 1: STRUCTURE OF THE FIVE-ROUND GAME 
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Round 1 Seller makes an offer. 
Buyer accepts or rejects. 


Bargaining; continues 


mae 


Round 2 Buyer makes an offer. 
i ’ Seller accepts or rejects. 


Bargaining ends 


Seller| rejects 
Bargaining | continues 


Round 3 Seller makes an offer. 
a Buyer accepts or rejects. 


Bargaining ends 


Buyer| rejects 
Bargaining! continues 


Round 4 Buyer makes an offer. 
Seller accepts or rejects. 


Séller| rejects 
Bargaining| continues 


Round 5 Seller makes an offer. 
Buyer accepts or rejects. 


Buyer accepts 


Bargaining ends 


Seller accepts 


Buyer accepts 


Seller accepts 


Bargaining ends 


Buyer accepts ` ' 


‘Bargaining ends 


Buyer} rejects 
Bargaining} ends 


Both parties get nothing. 


Euyer gets $15.00 minus 


affer. Seller gets offer. 


Rayer gets $5.10 minus” 
`: offer. ‘Seller gets offer. 


Buyer gets $1.74 minus © 


offer. Seller gets offer. 


Euyer gets §.60 minus 


‘affer. Seller-gets offer. 


& 


Biver“gets $.21 minus ' 


afer: Seller gets offer. 


CHART 5. EXPERIMENT 2: STRUCTURE OF THE Frve-ROUND GAME 
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= A Further Test of Noncooperative Bargaining Theory: Reply 


By KEN BINMORE, AVNER SHAKED, AND JOHN SUTTON* 


This note is to comment on “A Further 
Test of Noncooperative Bargaining Theory,” 
by Janet Neelin, Hugo Sonnenschein, and 
Matthew Spiegel (1988). They conclude by 
rejecting both the “Stahl /Rubinstein theory” 
and the “‘equal-split model” for the bargain- 
ing games they studied. 

Consider first the-rejection of the “Stahl / 
Rubinstein theory.” To begin with, I. Stahl 
(1972) and A. Rubinstein (1982) should be 
cleared of the implicit charge of naiveté. 
They simply proved the existence of unique 
subgame-perfect equilibria in certain non- 
- cooperative bargaining models. And, just 
as the current behavior of Kasparov and 
Karpov does not refute Zermelo’s theorem 
that Chess has an optimal solution, so the 
experimental results of Neelin et al. (1988) 
are irrelevant to the theorems of Stahl and 
Rubinstein. Their results, however, are not 
irrelevant to our own experimental work, 
reported in K. G. Binmore, A. Shaked, and 
J. Sutton (1985). We studied a very simple 
two-stage bargaining game and observed a 
marked tendency for equal-split proposals to 
be made by inexperienced subjects, but a 
much stronger tendency for subjects who 
were slightly more experienced to make sub- 
game-perfect proposals. Although we were 


-` much more naive then than we are now 


about the behavior to be expected from ex- 
perimental subjects, we were very guarded in 
the conclusions we drew from these data. In 
the working paper, Binmore et al. (1984), in 
which our results were reported in full, we 
went so far as to deny explicitly that sub- 
game-perfect equilibrium behavior should be 
expected in general. The reason is very sim- 
ple. Even knowing the theory and being pro- 
vided with the parameters of the game in a 
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user-friendly graphical form on a micro- 
computer display, as in our experiment, we, 
ourselves, had to think quite hard to come 
up with the “proper” proposals in multi- 
stage versions of the Stahl/Rubinstein bar- 
gaining model. One has to find a suitable 
rule of thumb which relates the form in 
which the problem is presented to the ab- 
stract theory. Without extended opportuni- 
ties for learning and ample incentives to 
make the necessary time-and-attention costs 
to the subjects worth bearing, it therefore 
seems unreasonable to suppose that game 
theory is likely to be very useful as a precise 
predictor of the behavior of Princeton un- 
dergraduates in this context: even if they. 
knew game theory. This is not an admission 
that game theory is useless in economics. 
Game theorists defend the use of their trade 
in positive economics by arguing that, in the 
real economic world, there will often be the 
necessary incentives and opportunities for 
learning to take place. But here we are con- 
cerned with laboratory behavior. 

But, if we were not trying to prove that 
game theory is a sharp predictor for labora- — 
tory bargaining behavior, what were we try- 
ing to do? Economists do not generally seem 
to be aware that there is large psychological 
literature on these matters. And, although 
one may have reservations about the general 
usefulness of psychological theory in ex- 
plaining economic behavior, presumably it 
will be admitted that psychologists know 
how to run laboratory experiments. One 
therefore has to take their claims that “equity 
theory” provides a good explanation of a 
great deal of laboratory behavior seriously. 
(See, for example, Eiser, 1980; and Adams 
and Freedman, 1976.) In particular, Rein- 
hard Selten (1978), the inventor of sub- 
game-perfect equilibrium, is convinced by 
these claims and has his own laboratory data 
to offer in support of his views. It was in 
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response to a particularly striking experi- 


ment by members of his school, namely, W 
Güth, R. Schmittberger, and B. Schwarze 
(1982), that we were led to attempt some 
laboratory work of our own. 

The point being made here is that the 
issue was not, and is not, the extent to which 
“samesmen” are able to solve strategic prob- 
lems from cold in the laboratory. The issue 
is whether “gamesmen”’ exist at all. That is 
to say, whether subjects sometimes try to 
take account of strategic issues in deciding 
what to do. Equity theory suggests other- 
wise: that subjects do not act as “gamesmen” 
but as “fairmen.” Precisely what “fair” 
means in any given context is a question 
often open to more than one interpretation. 
Moreover, there is the more general theory 
of “focal points” as described, for exam- 
ple, by Roth et al. (1981) to be contended 
with. But, although such explanatory devices 
are too hydra-headed to properly deserve 
being called “theories,” the laboratory data 
gathered by their adherents have been repli- 
cated too often to be brushed aside as irrele- 
vant. We, ourselves, have observed behavior 
that certainly looks “fair,” not only from the 
inexperienced subjects in the study men- 
tioned earlier, but also from subjects in later 
studies (Binmore et al., 1985, 1987), even 
though we have tried hard not to offer cues 
that might precipitate such behavior. This 
extends even to the behavior reported by E 
Hoffman and M. Spitzer (1982), who ob- 
served pairs of subjects agreeing to split $14 
equally, although one bargainer could guar- 
antee himself $12 simply by withholding 
agreement. 

Our contention in Binmore et al. (1982, 
1985) was not that this behavior does not 
exist or is unimportant. Our contention is 
that it can be displaced by what we would 
regard as more thoughtful behavior, given a 
suitable environment. Superficially, the Neelin 
et al. (1988) results would seem supportive 
of this conclusion. But the reason that no 
follower of equity theory will regard their 
results as relevant in this context, is the 
manner in which their experiment was 
“framed.” The subjects were students in an 
intermediate microeconomics class, who were 
told that they were to test a theory to be 
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explained later. They therefore “knew” a 
priori that optimizing behavior was expected __ 
of them. And the evidence that subjects seek 
to behave “as expected” is overwhelming. 
For this reason, we went to great trouble 
(and much expense) in recruiting subjects 
and in designing the experimental environ- 
ment, to offer as few cues as possible as to 
what behavior was “expected.” In particular, 
in contrast to many studies, our own connec- 
tion with the experiment was unknown to 
the students. Moreover, contact with our as- 
sistants and with each other was minimized 
by placing the subjects in separate booths 
and requiring them to communicate through 
computing equipment. Without similar pre- 
cautions, even the two-stage bargaining game 
results of Neelin et al. are not properly com- 
parable with ours, especially since these were 
preceded by a (four-stage) practice game _ 
whose results were not reported. One might 
remark that the experiments of W. Giith and 
R. Tietz (1987) are also not properly com- 
parable with ours. (Unlike Neelin et al., they 
find that economics students tend to split 
equally in their two-stage bargaining games.) 

The results of Neelin et al. are therefore 
perhaps best seen, not as a contribution to 
the debate described above, but to a theory 
of “bounded rationality” in simple bargain- 
ing games. The consistency with which the 
two-stage optimizing strategy was thought- 
lessly carried over to the three- and five-stage 
games is certainly not a result it would have 
been easy to anticipate. 
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Presiding. JOSEPH E. STIGLITZ, Stanford University 
Papers: MARTIN FELDSTEIN, Harvard University and National Bureau of Economic Research 
Taxes and Tax Reform 
ALICE M. RIVLIN, The Brookings Institution 
The Continuing Search for a Popular Tax 
MICHAEL J. BOSKIN, Stanford University 
Alternative Approaches to Taxation and Tax Reform 
Discussants: JOSEPH A. PECHMAN, The Brookings Institution 
GEORGE BREAK, University of California-Berkeley 
JOHN B. SHOVEN, Stanford University 


10:15 a.M. HOUSING PROSPECTS AND POLICIES (Joint Session with the American Real Estate and Urban Economic 
Association) 
Presiding: PATRIC H. HENDERSHOTT, Ohio State University 
Papers: DONALD R. HAURIN AND PATRIC H. HENDERSHOTT, Ohio State University 
How Serious Is the Decline in Home Ownership? 
EDGAR OLSEN, University of Virginia 
Whither Low-Income Housing Policy? 
REBECCA M. BLANK AND HARVEY S. ROSEN, Princeton University 
What’s Happening to Housing for Low-Income Households? 
Discussants: BARRY BOSWORTH, The Brookings Institution 
JAMES R. FOLLAIN, University of Illinois- Urbana-Champaign 
JOHN WEICHER, U.S. Office of Management and Budget 


10:15 A.M. REFORMS UNDER SOCIALISM: IMPLICATIONS FOR U.S. POLICY (Joint Session with the Association for 
Comparative Economic Studies) j 
Presiding: GREGORY GROSSMAN, University of California-Berkeley l 
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L An Overview of Reforms in the Soviet Union, China, and Eastern Europe 


ROBERT DERNBERGER, University of Michigan 
Reforms in China: Implications for U.S. Policy 
FRANKLYN D. HOLZMAN, Tufts University - SA 
Reforms in the USSR and Eastern Europe: Implications for U.S. Policy 7 
| Discussants: LAWRENCE KRAUSE, University of California-San Diego 
ALLEN J. LENZ, U.S. Department of Commerce 
HERBERT S. LEVINE, University of Pennsylvania 


10:15 a.M. THE ROLE GENDER PLAYS IN STRUCTURING LABOR MARKETS (Joint Session with the Industrial 
Relations Research Association) 
Presiding: CHARLES CRAYPO, University of Notre Dame 
Papers. WILLIAM T. DICKENS, University of California-Berkeley, AND KEVIN LANG, Boston 
University 
Is the Relationship Between Gender and Labor Market Segmentation Changing? 
DALE BELMAN AND PAULA B. Voos, University of Wisorisin-Madison 
Race and Labor Market Segmentation Among Women Workers 
TERESA GHILARDUCCI, University of Notre Dame 
Gender and Economic Restructuring: The Case of South Bend, Indiana 
Discussants: PAUL S. OSTERMAN, Massachusetts Institute of Technology 
BERNARD ELBAUM, University of California-Santa Cruz 


b 12:30 P.M. AEA/AFA JOINT LUNCHEON 
Presiding: JOSEPH A, PECHMAN, The Brookings Institution 
Speaker: ALAN GREENSPAN, Board of Governors of the Federal Reserve System 


2:30 P.M: FORTIETH ANNIVERSARY OF THE MARSHALL PLAN 
Presiding: CHARLES P. KINDLEBERGER, Massachusetts Institute of Technology 
Panel: SIR ALEC CAIRNCROSS, St. Peter’s College, Oxford . 
HoLLIS B. CHENERY, Harvard University 
Jacos J. KAPLAN, Consultant 
WALTER J. LEvy, Retired 
2:30 P.M. ANTITRUST POLICY _ | 
Presiding: ROGER NOLL, Stanford University 
Panel: W. DALE COLLINS, Sherman and Sterling 
GEORGE Hay, Cornell University 
SANFORD LITWACK, Dewey Ballantine 
BRUCE OWEN, Economists, Inc. 
FREDERICK WARREN-BOULTON, U.S. Department of Justice 


L. 2:30 P.M. 


VOCATIONAL EDUCATION AND JOB TRAINING 
Presiding: DaviD A. Wise, Harvard University 
Papers: JOHN H. BisHop, Cornell University 
The Productivity Consequences of What Is Learned in High School 
ROBERT H. MEYER, National Assessment of Vocational Education 
The Tradeoff Between Occupationally Specific and General Training: Theory, Evidence and 
Policy Implications 
W. NORTON GRUBB AND DAVID STERN, University of California-Berkeley 
The Distribution of Net Benefits from Vocational Education 
Discussants: CHARLES S. BENSON, University of California-Berkeley 
RICHARD B. FREEMAN, Harvard University 


2:30 P.M. THE PRIVATE NONPROFIT SECTOR IN A MIXED ECONOMY 
Presiding: BURTON A. WEISBROD, University of Wisconsin-Madison 
Papers: CHARLES CLOTFELTER, Duke University 
The Role of the Private Nonprofit Sector: Advice for the President 
ESTELLE JAMES, State University of New York-Stony Brook 
b Interactions Among Public, Private, and Nonprofit Provision of Education 
MARK PAULY, University of Pennsylvania 
Nonprofit Organizations and the Theory of the Firm 
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. Discussants: SUSAN ROSE-ACKERMAN, Yale University 
THEODORE BERGSTROM, University of Michigan 
JAMES ANDREONI, University of Wisconsin-Madison oe 


2:30 P.M. ROLE OF THE HETERODOX ECONOMISTS 
Presiding: PAUL STREETEN, Boston University 
Papers: ROBERT HEILBRONER, New School for Social Research 
The Role of the Heterodox Economist- 
DAVID COLANDER, Middlebury College 
Making Waves 
' LEONARD SILK, New York Times. 
Yes, Virginia, Institutionalists Do Exist ae 
Discussants: PAUL STREETEN, Boston University. T 
SUSAN LEE, Forbes Magazine.. i: 
Don Lavotg, George Mason University 


2:30 P.M. U.S. TRADE POLICY: SHORT-TERM PRESSURES AND LONG-TERM STRATEGY 
Presiding: ANNE O. KRUEGER, Duke University - 
Papers: ROBERT Z. LAWRENCE, The Brookings Institution 
Costs of Protection: Is There a Better Way?. 
WILLIAM R. CLINE, Institute for International Economics 
The Macroeconomic Environment and Trade Policy ` 
ROBERT BALDWIN, University of Wisconsin 
Trade Negotiations: Strategy and Agenda 
Discussants: JAGDISH BHAGWATI, Columbia University 
GEZA FEKETEKUTY, U.S. Trade Representatives Office 
PauL R. KRUGMAN, Massachusetts Institute of Technology and National Buea of Economic 
Research 


2:30 P.M. PUBLIC CHOICE AND PRESIDENTIAL ELECTIONS 
Presiding: MANCUR OLSON, University of Maryland 
Papers: WILLIAM NORDHAUS, Yale University 
Further Perspectives on the Political Business Cycle 
DENNIS C. MUELLER, University of Maryland 
Public Choice and Electoral Politics 
ROBERT TOLLISON, George Mason University 
The 1988 Flections: A Public Choice Comat: 
Discussants: RAY FAIR, Yale University 
GORDON TULLOCK, University of Arizona 


2:30 P.M. Proyecr LINK aT TWENTY 
Presiding: JACQUES J. POLAK, fivteenattonal Moy Fund 
Papers: LAWRENCE R. Kein, University of Pennsylvania a 
Two Decades of LINK Research l 
BERT G. HICKMAN, Stanford University, 
Global Modeling: A Comparative Assessment of Project LINK , 
CHRISTIAN E. PETERSEN, IBM Italy SPA 
Dynamic Games with Protectionist Strategies: An Application of the Project LINK Model 
Discussants: GUY V. STEVENS, Board of Governors of the Federal Reserve System 
RALPH C. BRYANT, The Brookings Institution 
Jonn B. TAYLOR, Stanford University 


2:30 P.M. ECONOMIC THEORY AND ECONOMIC POLICY 
Presiding: JERRY GREEN, Harvard University 
Papers: NANCY STOKEY, Northwestern University 
Recent Advances in Economic Dynamics 
JAMES JORDAN, University of Minnesota 
The Economics of Accounting Information Systems 
SANFORD GROSSMAN, Princeton University 
Derivative Securities and the Informational World of Markets 
Discussant: BENGT HOLMSTROM, Yale University 





b— 
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2:30 P.M... SPACE SATELLITE COMMUNICATION: THE STATE OF EMPIRICAL KNOWLEDGE 
Presiding: ROBERT CRANDALL, The Brookings Institution 
Papers: HARVEY LEVIN, Hofstra University 
Latecomer Cost Handicap and Claimstaking i in 2 the Orbit Seite Resource 
MEHEROO JUSSAWALLA, East-West Center 
Mitigating Benefits of Innovative Technology That Offset Latecomer Costs 
MOLLY MACAULEY, Resources for the Future 
Substitution Elasticities in a New Frontier: Economic Trada Between Orbit and Spectrum 
Discussants: CARSON AGNEW, Hughes Aircraft, Inc. 
. DOUGLAS WEBBINK, Federal Communications Commission 


2:30 P.M. SOCIOECONOMICS — 
Presiding: ALICIA MUNNELL, Federal Reserve Bank of Boston 
Papers: Lester C. THUROW, Massachusetts Institute of Technology ` 
How to Put Capitalists Back Into Capitalism 
LAWRENCE SUMMERS, Harvard University ` 
How to Empower the Future 
AMITAI ETZIONI, Harvard University | 
How to Shift Resources Rather than Cause a Recession 
Discussants: ISABEL V, SAWHILL, Urban Institute 
JOHN BRANDL, University of Minnesota and Minnesota Legislator 


2:30 P.M. ALLOCATIONAL AND DISTRIBUTIONAL EFFECTS OF THE TAX REFORM ACT OF 1986 
Presiding: VALERIE AMERKHAIL, Deloitte, Haskins Sells 
Papers: JANE G. GRAVELLE, Congressional Research Service, AND LATRENÇE J. KOTLIKOFF, Boston 
University and National Bureau of Economic Research arai 
The Excess Burden of the Corporation Income Tax: A New View oo 
RICHARD KASTEN, FRANK SAMMARTINO, AND ERIC TODER, U.S. Congressional Budget Office 
Analysis of the Distributional Effects of the Tax Reform Act of 1986 
DALE W. JORGENSEN, Harvard University, AND KUN-YOUNG YUN, Yonsei University 
Excess Burden of Taxation in the U.S. After Reform 
Discussants: YOLANDA K. HENDERSON, Federal Reserve Bank of Boston 
JOSEPH MINARIK, Urban Institute 
DANIEL R. FEENBERG, National Bureau of Economic Research 


2:30 P.M. HIGH EUROPEAN UNEMPLOYMENT: CAUSES AND CURES 
Presiding: OLIVIER J. BLANCHARD, Massachusetts Institute of Technology 
Papers: Davip T. Coz, OECD 
Is Hysteresis a Manufacturing Phenomenon? 
: FREDERIK HUIZINGA AND FABIO SCHIANTARELLI, Boston University 
Insiders-Outsiders and Membership Rules: The Effects of Employment and Wage Bargaining 
LINDA S. KOLE, Federal Reserve Board’ 
The Unnatural Behavior of European Unemployment 
Discussants: CHARLES L. SCHULTZE, The Brookings Institution 
DENNIS SNOWER, University of London 
MICHAEL C. BURDA, INSEAD, France 


2:30 P.M. DISCOUNT RATES: THEORY AND PRACTICE (Joint Session with the Association of Environmental and 
Resources Economists): i 
Presiding: CHARLES W. HOWE, University of Colorado 
Papers: ROBERT W. HARTMAN, U.S. Congressional Budget Office 
Discounting Issues at CBO 
Ropert C. LIND, Cornell University 
The Social Rate of Discount in an Open Economy 
RANDOLPH. M. LYON, U.S. General Accounting Office 
Discounting for Benefit-Cost and Asset-Ownership Analyses l 
. W. Kip Viscusi, Northwestern University, AND MICHAEL J. Moore, Duke University 
Discounting the Value of Human Life 
Discussants: ARTHUR G. FRAAS, U.S. Office of AREE and. Budget 
PAUL R. PORTNEY, Resources for the Future 
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2:30 P.M. FEDERAL RESERVE POLICY: THE VOLCKER ERA (Joint Session with the National Association of Business 
Economists) 
Presiding: LYLE GRAMLEY, Mortgage Bankers Association of America 
Papers: JOHN D. HAWKE, JR., Arnold & Porter 
Domestic Bank Regulatory Policy in the Volcker Era 
ALLEN SINal, The Boston Company and Brandeis’ University 
Monetary Policy i in a Changing Global Environment: The Volcker Years 
RUDIGER DORNBUSCH, Massachusetts Institute of Technology 
Voicker and Bank Policy 
Discussants: MARTIN FELDSTEIN, Harvard University and National Bureau of Economic Research 
HENRY KAUFMAN, Salomon Brothers 
PAUL VOLCKER, Princeton University 


2.30 P.M. ODE CHAPTER ADVISERS& REGIONAL DIRECTORS SESSION (JCINT SESSION WITH OMICRON DELTA 
EPSILON) 
Presiding: C. LQUISE NELSON, Davidson College 
Papers: W. WHITNEY Hicks, University of Missouri-Columbia 
Socioeconomic Determinants of Fertility in Spain, 1985 
Ross C. SINGLETON, University of Puget Sound 
The Economics of Vertical Restraints 
CATHERINE C. ECKEL, Virginia Polytechnic Institute and State University 
The Financial Fallout from Chernobyl: Risk Perceptions and Regulatory Response 
TOM VELK AND A. R. RicGs, McGill University 
The Men That Corrupted Everyburg: New York’s Allen and Graham and the National Grange, 
1905-1911 . 
Discussants: GEORGE T. POTTER; Ramapo College 
TAHANY NAGGaR, West Chester University 
ANNETTE E. MEYER, Trenton State College 
JANE CLARY, College of Charleston 


4:45 P.M. THE RICHARD T. ELY LECTURE 
Presiding: JOSEPH A. PECHMAN, The Brookings Institution 
Speaker: HENRY J. AARON, The Brookings epee inom: 
Politics and the Professors Revisited 


Thursday, December 29, 1988 


8:00 a.M. THE THRIFT INDUSTRY IN TRANSITION.. 
Presiding: JAMES BARTH, Federal Home Loan Bank Board. 
Papers: GEORGE BENSTON, Emory University, AND MICHAEL F. KOEHN, Principal Analysis 
Group, Inc. 
Capital Dissipation and Regulation of Thrifts. 
R. DAN BRUMBAUGH, JR., AND ANDREW CARRON, First Boston. 
The Future of Thrifts in the Mortgage Market | 
EDWARD J. KANE, Ohio State University 
The High Cost of Not Resolving FSLIC’s Economic Insolvency 
STUART GREENBAUM, Northwestern University, Y. S. CHAN, University of Southern California, 
AND A. V. THAKOR, University of California-Los Angeles 
Fair-Priced Deposit Insurance, Capital Requirements and Incentive Compatibility 
Discussants: EDWARD L. GOLDING, Federal Home Loan Bank Beerd 
SUSAN WOODWARD, U.S. Department of Housing « Urban Deve_opment 
HERBERT BAER, Federal Reserve Bank of Chicago 


8:00 A.M. EXCHANGE RATES, ECONOMIC ACTIVITY, AND ECONOMIC POLICY 
Presiding: GAIL E. MAKINEN, Congressional Research Service 
Papers: Haut J. Epison, Board of Governors of the Federal Reserve System 
The Effects of Fiscal Policy on Exchange Rates ` 
YOONBAI Kim, Southern Illinois University-Carbondale 
Exchange Rates and Import Prices in the U.S.: A Varying Parameter Estimation of Exchange 
Rate Pass-Through 
BRIAN J. Copy, Federal Reserve Bank of Philadelphia 
Exchange Rate Intervention in the EMS: Do EMS Member Countries Follow Optimal Interven- 
tion Strategies? 


L 
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Discussants: WILLIAM A, BOMBERGER, University of Florida 
JERRY TEMPALKSI, U.S. Department of the Treasury 
Ross LEVINE, Board of Governors of the Federal Reserve System 


8:00 aM. THE YOUTH LABOR MARKET 
Presiding: DONALD R. WILLIAMS, Kent State University 
Papers: CYNTHIA L. SIPE AND JEAN BALDWIN GROSSMAN, Public/Private Ventures 
Short-Term Impacts of the Summer Training and Education Program 
RICHARD B. FREEMAN, National Bureau of Economic Research and Harvard University 
The Youth Labor Market Under Full Employment:.The Case of Massachusetts 
LINDA DATCHER-LOURY, Tufts University 
Marital Status and Labor Supply of Young Men ` 
STEPHEN HILLS, Ohio State University 
Race and Sex Differences in the Effects of Early Youth a a aa on E Wages 
Discussants: ANDREW KOHEN, James Madison University 
IsABEL V. SAWHILL, Urban Institute 
EMILY HOFFMAN, Western Michigan University 
HARRY HOLZER, Michigan State University 


8:00 am. WHAT Can ECONOMICS CONTRIBUTE TO SOCIAL POLICY? 
Presiding: ROBERT H. HAVEMAN, University of Wisconsin-Madison 
Papers: LAWRENCE H, SUMMERS, Harvard University 

Economics and Labor Market-Wage Policy 
MICHAEL J. BOSKIN, Stanford University 
Economics and Social Insurance Policy 
EDWARD M. GRAMLICH, University of Michigan 
Economics and Welfare-Transfer Policy 
Discussants: MARTIN S. FELDSTEIN, Harvard University 
ROBERT M. SoLow, Massachusetts Institute of Technology 
James TOBIN, Yale University 


8:00 A.M. CURRENT ISSUES IN MONETARY POLICY 
Presiding: DAVID I. FAND, Wayne State University 
Papers: Pitre L. Brock, Duke University 
Reserve Requirements and the Inflation Tax 
MARK Tomé, Miami University, AND A. STEVEN HOLLAND, University of Kentucky 
The Effects of a “Lender of Last Resort” on Interest Rates . 
ELLEN L. HUGHES-CROMWICK, Clark University 
Financial Deregulation and Monetary Control 
Discussants: DAVID PYLE, University of California-Berkeley 
PHILLIP CAGAN, Columbia University 
JOHN TATOM, Federal Reserve Bank of St. Louis 


8:00 A.M. PUBLIC CHOICE AND POLITICAL ECONOMY 
Presiding: TYLER COWEN, University of California-Irvine 
Papers: CHRISTOPHER B. COLBURN, Old Dominion University —- 
The Changing Composition of Income Transfer Programs: A Public Choice Analysis 
LINDA COHEN, AMI GLAZER, University of California-Irvine, AND ROGER NOLL, Stanford University 
Politics and the Social Discount Rate 
HENRY CHAPPELL, JR, University of South Carolina 
Voting Behavior, Presidential Popularity and the Macroeconomy 
Discussants: TYLER COWEN, University of California-Irvine 
MARK ZUPAN, University of Southern California 


8:00 A.M. WOMEN’S ECONOMIC ACTIVITY AND MINORITY FAMILY INCOME 
Presiding: ALICE NAKAMURA, University of Alberta 
Papers: JAMES S. CUNNINGHAM AND NADJA ZALOKAR, U.S. Commission on Civil Rights 
The Labor Force Participation of Black Women and the Variability of Other Family Income: 
Evidence from the SIPP 
HARRIETT Orcutt DULEEP, U.S. Commission on Civil Rights, AND SETH SANDERS, University of 
Chicago 
The Role of Women in the Economic Assimilation of Asian Immigrant Families 
CORDELIA REIMERS, Hunter College, City University of New York 
Immigration, Assimilation, and Labor Supply of Hispanic-American Wives 
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LARRY ORR AND STEPHEN BELL, Abt Associates 


Job Training for Welfare Recipients: The AFDC Homemaker-Home Health Aide Demonstrations a 


Discussants: SOLOMON POLACHEK, State University of New York-Binghamton 
FINIS WELCH, University of California-Los Angeles 
ALICE NAKAMURA, University of Alberta 


8:00 A.M. ENERGY POLICY: THE DRIFT FROM- MONOPOLY 
Presiding: MORRIS A. ADELMAN, Massachusetts Institute of Technology 
Papers: DavID O. Woop, Massachusetts Institute of Technology 
Can We Model the Process? 
JAMES M. GRIFFIN, Texas A& M University 
Issues in Energy Policy: Oil 
CHARLES E. STALON, Federal Energy Regulatory Commission and University of Illinois 
New Approaches in Electricity Regulation 
CATHERINE GOODE ABBOTT, Enron Corporation 
Creeping Deregulation in Gas: Pipelines 
PAUL C. CARPENTER, Incentives Research, Inc. 
How Much Gas Field Price Regulation? 
OLAV BJERKHOLT, Norwegian Central Bureau of Statistics 
Gas Regulation in Northwest Europe 


8:00 A.M. STOCK MARKET VOLATILITY: ECONOMIC AND Pouicy ISSUES (Joint Session with the Association of 
Managerial Economists) 
Presiding: O. MAURICE Joy, University of Kani 
Papers: DARRELL DUFFIE AND KENNETH J. SINGLETON, Stanford University 
Disentangling the Effects of Noise and Aggregate Economic Disturbances on Asset Price 
Volatility 
ALBERT P. KYLE, University of California-Berkeley 
_ How Volatile Was the Stock Market During the Week of October 19? 
ROBERT SHILLER, Yale University 
Interpreting Changes in Stock Market Volability 
Discussants: BRUCE N. LEHMANN, Columbia University and National Bureau of Economic Research 
KENNETH R. CONE, Chicago Mercantile Exchange 
KENNETH FRENCH, University of Chicago 


8:00 A.M. INTERFACES BETWEEN ECONOMICS AND PSYCHOLOGY: EXPERIMENTAL CONFRONTATIONS (Joint Session 
with the Economic Science Association) 
Presiding: JOHN H. KAGEL, University of Houston 
Papers: JACK KNETSCH, University of British Columbia, RICHARD THALER, Cornell University, AND 
DANIEL KAHNEMAN, University of California-Berkeley 
An Experimental Test of the Endowment Effect and the Coase Theorem 
MATTHEW J. ANDERSON AND SHYAM SUNDER, University of Minnesota 
Bayes Rule and the Representativeness Heuristic: Professional Traders in Experimental Markets 
RAYMOND C. BATTALIO, Texas A&M University, JOHN H. KAGEL, University of Houston, AND 
Don MACDONALD, Northeast Louisiana University 
Tests of Competing Non-Expected Utility Models: Animal and Human Data 
Discussants: ELIZABETH HOFFMAN, University of Wyoming 
JOHN HALTIWANGER, University of Maryland 


8:00 A.M. THE U.S. ECONOMIC OUTLOOK (Joint Session with the National Association of Business Economists) 
Presiding: JAMES F. SMITH, University of Texas-Austin 
Papers: JOSEPH W. DUNCAN, Dunn& Bradstreet Corporation 
The Expansion Continues: Evidence from Corporate Surveys and Business Starts and Failures 
Data 
DAVID BERSON, Federal National Mortgage Corporation 
Financial Market Developments 
WILLIAM C. DUNKELBERG, Temple University 
How Small Business Views 1989 


8:00 A.M. ISSUES IN LDC PUBLIC FINANCE (Joint with the National Tax Association-Tax Institute of America) 
Presiding: ROBERT A. BOHM, University of Tennessee 
Papers: JAMES R. ALM, University of Colorado, Roy BAHL, Syracuse University, AND MATTHEW N. 
MURRAY, University of Tennessee 
Tax Structure and the Erosion of the Tax Base in Developing Countries 
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MICHAEL J. WASYLENKO, Syracuse University 
Fiscal Decentralization in Less Developed Countries 
ROBERT A, BOHM AND WILLIAM F. Fox, University of Tennessee 
Financial Feasibility versus Willingness to Pay for Water in Rural Areas 
Discussants: JOHANNES LINN, The World Bank 
JORGE MARTINEZ, Georgia State University 
ROBIN CANTOR, Oak Ridge National Laboratory 


10:15 A.M. BUDGET POLICY OPTIONS FOR THE NEW PRESIDENT 
Presiding: ROBERT REISCHAUER, The Brookings Institution 
Papers: PAUL VAN DE Water, U.S. Congressional Budget Office 
Non-Defense Spending Options 
LAWRENCE Kors, The Brookings Institution 
Defense Spending Options 
JOSEPH MINARIK, Urban Institute 
Revenue Options 
Discussants: CHARLES R. ROLL, JR:, Rand Corporation 
JOHN PALMER, Syracuse University 


10:15 A.M. FINANCIAL DEREGULATION: NEXT STEP 
Presiding: ROBERT LITAN, The Brookings Institution 
Papers: PAUL Horvitz, University of Houston 
Options for Addressing the Thrift Crisis 
GILLIAN GARCIA, U.S. General Accounting Office and Senate Banking Committee 
Lender of Last Resort in the Wake of the Crash 
HERBERT BAER, Federal Reserve Bank of Chicago 
Financial Restructuring After the Crash 
Discussants: ANDREW CARRON, First Boston 
MARK FLANNERY, University of British Columbia 
FRANKLIN EDWARDS, Columbia University 


10:15 A.M. FEDERAL URBAN POLICY 
Presiding: JOHN YINGER, Syracuse University 
Papers: WILLIAM A. Darity, JR, AND GEORGE McCartTuy, University of North Carolina- 
Chapel Hill 
Urban Schools and Racial Inequality 
RONALD FERGUSON, Harvard University 
Federal Economic Development Policy in the 1990s: Adapting to New State and Local Strategies 
HELEN F. LADD, Duke University 
Federal Assistance to Cities in the 1990s 
WILHELMINA LEIGH, U.S. Congressional Budget Office 
Issues in Federal Housing Policy in the 1990s 
Discussant: ANITA SUMMERS, University of Pennsylvania 


10:15 A.M. TAXES AND CORPORATE BEHAVIOR 
Presiding: JOHN KARL SCHOLZ, Stanford University 
Papers: AVNER KALAY, University of Utah 
Dividends and Taxes Revisited 
R. GLENN HUBBARD, Northwestern University and National Bureau of Economic Research, AND 
PETER C. REISS, Stanford University and National Bureau of Economic Research 
Investment and Dividend Responses to Investment Opportunities: Evidence from the U.S. 
Petroleum Industry 
MARK WOLFSON AND MYRON SCHOLES, Stanford University 
Multinational Tax Planning and Location of Investment 
Discussants: JOHN SHOVEN, Stanford University 
WILLIAM GALE, University of California-Los Angeles 
JAMES POTERBA, Massachusetts Institute of Technology and National Bureau of Economic Research 


10:15 A.M. NEW SCHOOLS IN INDUSTRIAL ORGANIZATION 
Presiding: F. M. SCHERER, Swarthmore College 
Papers: HAROLD DEMSETZ, University of California-Los Angeles 
Industrial Organization: Feisty at Fifty 
ROBERT D. WILLIG, Princeton University 
Integrating Industrial Organization Thought 
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WILLIAM G. SHEPHERD, University of Massachusetts-Amhers: 
The Process of Effective Competition 
Discussants: MORRIS A. ADELMAN, ‘Massachusetts Institute of Technology aen 
OLIVER E. WILLIAMSON, Yale University 
ELEANOR A. Fox, New York University 


10:15 A.M. ECONOMICS OF THE EDUCATION INDUSTRY 
Presiding: BRUCE JOHNSON, Buffalo State College 
Papers; RICHARD J. MURNANE, Harvard University, AND RANDALL J. OLSEN, Ohio State University 
Factors Affecting the Supply of Public School Teachers: New Evidence 
ESTELLE JAMES, State University of New York-S-ony Brook and the Brookings Institution 
Determinants of Demand for and Supply of Public versus Private Education in Modern and 
Developing Countries 
MICHAEL S. MCPHERSON, GORDON C. WINSTON, AND MORTON O. ScHAPIRO, Williams College 
Effects of Federal Student Aid on the Supply of Higher Education 
Discussants: SUSAN ROSE-ACKERMAN, Columbia University 
Eric HANUSHEK, University of Rochester 
HENRY M. Lavin, IFG 


10:15 A.M. ECONOMICS AND THE ENVIRONMENT: POLICY PERSPECTIVES 
Presiding: ALLEN KNEESE, Resources for the Future 
Papers: MILTON RUSSELL, University of Tennessee-Knoxville 
The Role of Economics and Economists at EPA 
WALLACE OATES, Resources for the Future and University of Maryland 
Role of Economic Incentives in Environmental Policy ~ 
PAUL R. PORTNEY, Resources for the Future 
The Economics of Risk Management 
Discussants: THOMAS TIETENBERG, Colby College 
ALBERT NICHOLS, Harvard University 


10:15 A.M. FEDERAL CREDIT PROGRAMS AND THE BUDGET: ADVICE FOR A NEW ADMINISTRATION 
Presiding: MARVIN PHAUP, U.S. Congressional Budget Office 
Papers: MICHAEL J. BOSKIN, Stanford University, AND WILLIAM G. GALE, University of California- 
Los Angeles 
Implications of Federal Credit Programs for Government Budgeting 
ELISABETH RHYNE, University of Maryland 
U.S. Credit Assistance to Small Business at Home and Abroad 
MARVIN Puaup, U.S. Congressional Budget Office 
Federal Credit Reform: The Next Steps 
Discussants: BARRY BOSWORTH, The Brookings Institction 
HERMAN LEONARD, Harvard University 


10:15 A.M. PERSPECTIVES ON ECONOMIC DEVELOPMENT. 
Presiding: ELIANA A. CARDOSO, Tufts University 
Papers: HOLLIS CHENERY, Harvard University 
Industrialization and Growth 
JOSEPH STIGLITZ, Stanford University 
Development and the Market 
RUDIGER DORNBUSCH, Massachusetts Institute of Technology 
Financial Factors in Economic Development 
Discussants: ANNE O. KRUEGER, Duke University 
STANLEY FISCHER, The World Bank 


10:15 A.M. LABOR MARKET TRANSITIONS OF WOMEN 
Presiding: OLIVIA MITCHELL, Cornell University 
Papers: REBECCA BLANK, Princeton University 
` The Role of Part-Time Work in Women’s Labor Market Choices Over Time 
LESLIE SUNDT, University of Arizona 
Women in Transition and Part-Time Employment 
SHULAMIT KAHN, Boston University 


Female Mobility and the Returns to Seniority: Shculd EEO Policy Be Concerned with Promo- 
tions? 
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Discussants: PAULA ENGLAND, University of Texas-Dallas 
MICHAEL LEEDS, Temple University 
JOSEPH ALTONII, Northwestern University 


10:15 A.M. TAX DEVELOPMENTS IN EAST ASIAN COUNTRIES 


10:15 A.M. 


Presiding: HENRY J. AARON, The Brookings Institution 
Papers: HIROMITSU IsHI, Hitotsubashi University 
Tax Development in Japan 
JOHN RIEW, Pennsylvania State University 
Taxation and Development: The Taiwan Model 
MUKUL G. ASHER, National University of Singapore 
Challenges Facing the Singapore Economy: What Role for Tax Reform? 
Discussants: RICHARD M. BIRD, University of Toronto 
MALCOLM GILLIS, Duke University 
Vito TANZI, International Monetary Fund ` 


GIVING ECONOMIC ADVICE TO THE NEW ADMINISTRATION 
Presiding: ROBERT H. NELSON, U.S. Department of the Interior 
Panel: MARTIN FELDSTEIN, Harvard University 
RUDOLF PENNER, Urban Institute 
JAMES SCHLESINGER, Center for Strategic and International Studies 
CHARLES L. SCHULTZE, The Brookings Institution 
BERYL SPRINKEL, Council of Economic Advisers 


— 10:15 A.M. FISCAL EFFECTS ON ECONOMIC ACTIVITY 


~ 


T 


10:15 A.M. 


10:15 A.M, 


12:30 P.M. 


2:30 PM. 


Presiding: ALICE M. RIVLIN, The Brookings Institution 
Papers: ROBERT E. HALL, Stanford University 
Monetary Response to Fiscal Policy 
EDWARD M. GRAMLICH, University of Michigan 
Can There Be Subnational Fiscal Policy? 
LAURENCE J. KOTLIKOFF, Boston University, AND ALAN AUERBACH, University of ee 
From Deficit Delusion to Meaningful Accounting for Fiscal Policy 
Discussants: ROBERT M. SOLOW, ‘Massachusetts Institute of Technology .. 
DouGLaSs HOLTZ-EAKIN, Columbia University 
B. DOUGLAS BERNHEIM, Northwestern University 


PRIVATE FOUNDATIONS AND PUBLIC POLICY 
Presiding: MARSHALL ROBINSON, City University of New York 
Panel: THOMAS SCHELLING, Harvard University 
ALBERT Rees, Alfred P. Sloan Foundation 
PETER DE JANOS!, Russell Sage Foundation 
PETER BELL, Edna McConnell Clark Foundation 


WORLD ECONOMIC OUTLOOK AND POLICIES 
Presiding: C. FRED BERGSTEN, Institute for International Economics 
Panel: JOHN WILLIAMSON, Institute for International Economics: - 
LUIGI SPAVENTA, University of Rome 
FRANCO MODIGLIANI, Massachusetts Institute of Technology 
MASARU YOSHITOMI, Economic Research Institute, Tokyo 


LUNCHEON IN HONOR OF NOBEL LAUREATE, ROBERT M. SOLOW 
Presiding. JOSEPH A. PECHMAN, The Brookings Institution 
Speaker: ALAN §. BLINDER, Princeton University 


MACROECONOMIC INTERACTIONS AND THE CONDUCT OF NATIONAL POLICIES IN THE GLOBAL ECONOMY 
Presiding: RALPH C. BRYANT, The Brookings Institution 
Papers: JoHN HELLIWELL, University of British Columbia 
Reducing International Imbalances 
SIMON WREN-LEWIS, National Institute of Economic and Social Research, London, AND Davip 
CURRIE, Queen Mary College, London 
Empirical Evaluation of Proposals for Exchange-Rate Target Zones 
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Davibd Vines, University of Glasgow, Scotland 
North-South Macroeconomic Interactions: Where Do We 3tand?. 
Discussanis: RACHEL MCCULLOCH, Brandeis University 
Hau EDISON, Board of Governors of the Federal Reserve System 
STANLEY FISCHER, The World Bank 


2:30 P.M. PROGRESSIVE TAXATION RECONSIDERED. 
Presiding. RICHARD MUSGRAVE, University of California-Santa Cruz 
Papers: WILLIAM VICKREY, Columbia University | 
Burden Incidence Under Tax and Monetary Policy : 
KARL Case, Wellesley College 
Trends of Burden Incidence in the Federal- State-Local System 
HARVEY ROSEN, Princeton University . 
Tax Progression and Optimal Taxation 
Discussants: DAVID COLANDER, Middlebury College 
JOSEPH MINARIK, Urban Institute 
ROBERT H. HAVEMAN, University of Wisconsin-Madison 


2:30 P.M. APPLIED GENERAL EQUILIBRIUM ANALYSIS 
Presiding: SHERMAN ROBINSON, U.S. Department of Agriculture p 
Papers: JAMES BERKOVEC AND DON FULLERTON, University of Vizginia, _ 
Housing as Investment and Consumption | 
SHANTAYANAN DEVARAJAN AND Dani RODRICK, Harvard University 
Trade Liberalization with Imperfect Competition and Scale Economies 
GLENN W. HARRISON, THOMAS F. RUTHERFORD, AND IAN WocTON, University of Western Ontario 
The Economic Impact of the European Community | 
Discussants: ROGER H. GORDON, University of Michigan 
JONATHAN EATON, University of Virginia 
JOHN B. SHOVEN, Stanford University . 


2:30 P.M. CHINA'S ECONOMIC REFORMS 
Presiding: LAWRENCE B. KRAUSE, University of California-San Diego 
Papers: GARY H. JEFFERSON, Brandeis University 
A Decade of Chinese Economic Reforms 
BARRY J. NAUGHTON, University of California-San Diego 
Large and Small Enterprises in China’s Reform 
WILLIAM BYRD, The World Bank 
Rural Industrialization and Ownership 
DAVID JAY GREEN, Hosei University at Tama 
Ching’s Economic Reforms: A Healing’ Process or Growing Tension? 
Discussants: DWIGHT PERKINS, Harvard Institute for International Development 
ROBERT DERNBERGER, University of Michigan 
JaMES T. H. Tsao, U.S. International Trade Commission 


2:30 P.M. POLICY [ISSUES IN EXCISE TAXATION 
Presiding. ERIC Toper, U.S. Congressional Budget Office 
Papers: MICHAEL GROSSMAN, City University of New York Graduate School and National Bureau of 
Economic Research ; 
Health Benefits of Increases in Alcohol and Cigarette Taxes 
Gary YOHE, Wesleyan University . 
The Role of Taxes in Pollution Controls: Problems d Opportunities 
FRANK SAMMARTINO AND RICHARD KASTEN, U.S. Congressional Budget Office 
Discussants: CHARLES CLOTFELTER, Duke University. 
Puiuip J. Coox, Duke University 
GERALDINE GERARDI, U.S. Department of the Treasury 


2:30 P.M. PROSPECTS AND STRATEGIES FOR THE AMERICAN ECONOMY 
Presiding: CHARLES WAITE, U.S. Bureau of the Census 
Papers: RAY GOLDBERG, Harvard Business School 
Prospects and Strategies for Agriculture | 
KENNETH MCLENNAN, Machine and Allied Products Institute l 
Prospects and Strategies for Manufacturing 7 
Faye DucHIN, New York University 
Analyzing Strategies for the U.S. Economy 





— 
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Discussants: EILEEN APPELBAUM, Temple University 
L MICHAEL Borrus, University of California-Berkeley 
Ea HENRY KELLY, U.S. Office of Technology Assessment 


2:30 P.M. WORK AND WELFARE 
Presiding: IRENE LURIE, State University of New York-Albany 
Papers: DAVID FRIEDLANDER, Manpower Demonstration Research Corporation 
Impacts of Eight Employment Programs for AFDC Recipients 
RONALD MINCY, Urban Institute 
Minimum Wage Increases and the Working Poor _ 
ROBERT MOFFITT, Brown University, AND BARBARA WOLFE, University of Wisconsin 
The Effect of Medicaid on the Labor Supply and AFDC Participation of Female Heads 
Discussants: REBECCA M. BLANK, Princeton University — 
CORDELIA REIMERS, Hunter College, City University of New York 
MICHAEL WISEMAN, University of California-Berkeley 


2:30 P.M. R&D AND THE RENEWAL OF PRODUCTIVITY GROWTH 
` Presiding: ZV1 GRILICHES, Harvard University 
Panel: EDWARD DENISON, The Brookings Institution | 
DALE W. JORGENSEN, Harvard University 
‘ RICHARD R. NELSON, Columbia University- 
NATHAN ROSENBERG, Stanford University 
ROBERT M. SOLOW, Massachusetts Institute of Technology 


2:30 P.M. ECONOMIC FLUCTUATIONS AS COORDINATION FAILURES 
Presiding: WALTER P. HELLER, University of California-San Diego 
Papers: SATYAJIT CHATTERJEE AND RUSSELL. COOPER, University of Iowa 
Multiplicity and Fluctuations in an Imperfectly Competitive Economy with Entry and Exit 
V. V. CHARI, Federal Reserve Bank of- Minneapolis, LARRY E. JONES, poe University, 
AND RUDOLFO MANUELLI, Stanford University. 
Moral Hazard in a Model of Strategic Coordinated Production 
BRUCE GREENWALD, Bell Communications Research, AND JOSEPH suciie Stanford University 
Uncertainty, Rigidities, and the Effectiveness of Monetary Policy 
Discussants: ROBERT E. HALL, Stanford University 
PETER DIAMOND, Massachusetts Institute of Technology 
OLIVIER J. BLANCHARD, Massachusetts Institute of Technology 


2:30 P.M. EXCHANGE RaTE POLICY | 
Presiding: WILLIAM H. BRANSON, Princeton University 
Papers: PAUL R. KRUGMAN, Massachusetts Institute of Technology and National Bureau of Economic 


k Research 
: De-industrialization, Re-industrialization, and the Real Exchange Rate 
Joun H. WILLIAMSON, Institute for International Economics 
Why the World Economy Needs Exchange Rate Management and Policy Coordination 
MARTIN S. FELDSTEIN, Harvard University and National Bureau of Economic Research 
The Case Against Trying to Stabilize the Dollar 
‘Discussants: PETER B. KENEN, Princeton University 
~ RONALD I. McKinnon, Stanford University . 
JACOB FRENKEL, International Monetary Fund and University of Chicago 


2:30 P.M. PUBLIC POLICY ISSUES CONCERNING ELDERLY WOMEN 
Presiding: NANCY GORDON, U.S. Congressional Budget Office 
Papers: KAREN DAVIS AND BARBARA LYONS, Johns Hopkins University 
The Poverty of Elderly Women: Implications for Public Policy in Coming Decades 
TIMOTHY MCBRIDE, Urban Institute 
Women’s Retirement Behavior: Implications for Their Economic Well-Being 
CHRISTINE BISHOP, Brandeis University 
Transitions in the Living Arrangements of the Elderly: Implications for Financing Long- 
Term Care 
bx. Discussants: MARILYN MOON, American Ascociation for Rented PaCteREOrs 
ALICE RIVLIN, The Brookings Institution ; 


nti A ee ea ee = 
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2:30 p.M. WHat Has HAPPENED TO U.S. SAVINGS AND WHY? 
Presiding: WILLIAM D. NORDHAUS, Yale University l 
Panel: BARRY BOSWORTH, The Brookings Institution — 
ROGER BRINNER, Data Resources 
PETER HOOPER, Federal Reserve Board 
LAWRENCE SUMMERS, Harvard University 


2:30 P.M. THE QUALITY OF LIFE 
Presiding: THOMAS SCHELLING, Harvard University 
Papers: ALBERT O. HIRSCHMAN, Princeton University 
Holding Opinions vs. Having Preferences 
ROBERT FRANK, Cornell University 
Frames of Reference and the Quality of Life 
ODED STARK, Harvard University 
Altruism and the Quality of Life 
Discussant: BARRY NALEBUFF, Princeton University 


2:30 P.M. MARX AND ANALYTICAL MARXISM (Joint Session with the History of Economics Society) 
Presiding: JOHN B. Davis, Marquette University 
Papers: JOHN ROEMER, University of California-Davis 
Why Marxism Does Not Need a Labor Theory of Value 
ANTONIO CALLARI, STEVEN CULLENBERG, AND JACK AMARIGLIO, Franklin and Marshall College 
Analytical Marxism: A Critical Appraisal 
MICHAEL LEBOWITZ, Simon Fraser University 
Dialectical versus Non-Dialectical Approaches to Marxian Economics 
Discussants: GARY DYMSKI, University of Southern California 
Roy ROTHEM, Skidmore College 


2:30 P.M. THE 1988 DISTINGUISHED LECTURE ON ECONOMICS IN GOVERNMENT (Joint Session wate the Society of 
Government Economists) 
Presiding: JOSEPH A. PECHMAN, The Brookings Institution 
Papers: ANDREW F. BRIMMER, Brimmera Company and the University of Massachusetts- Amherst 
Central Banking and Systemic Risk in Capital Markets 


4:45 P.M. PRESIDENTIAL ADDRESS 
Presiding: JOSEPH A. PECHMAN, The Brookings Institution 
Speaker: ROBERT EISNER, Northwestern University 


5:45 P.M. BUSINESS MEETING 
Friday, December 30, 1988 


8:00 A.M. THE ECONOMICS OF CRIME PREVENTION 
Presiding: MICHAEL K. BLOCK, United States Sentencing Commissicn 
Papers: LUKE Frogs, U.S. Department of Justice T 
Plea Bargaining with Uncertainty: The Empirical Approach 
JOEL WALDFOGEL, Stanford University 
The Optimal Relationship Between Harms and Sentences 
MICHAEL K. BLOCK, U.S. Sentencing Commission, AND VERNON E. GERETY, AT&T 
Are Criminals Really Different: Some Experimental Evidence on the Difference Between Student 
and Prison Reactions to Remedy Penalties 
Discussant: Ray SAH, Yale University 


8:00 P.M. WOMEN IN POVERTY 
Presiding: ISABEL V. SAWHILL, Urban Institute 
Papers: BARBARA GOLDMAN, DANIEL FRIEDLANDER, AND Davip LONG, Manpower Demonstration 
Research Corporation 
Employment Programs for Welfare Mothers in the 1980s 
PATRICIA RUGGLES, Urban Institute 
Welfare Dependency and Its Causes 
MARGARET SIMMS, Joint Center for Political Studies 
Urban Labor Markets and Poor Black Women Heading Families 
Discussants: JODIE ALLEN, Washington Post 
RALPH SMITH, U.S. Congressional Budget Office 
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8:00 A.M. EFFECTS OF THE CAPITAL GAINS TAX 
t Presiding: DONALD W. KEIFER, Congressional Research Service 
Papers: Eric Toper, U.S. Congressional Budget Office 
Revenue Effects of Capital Gains Taxes: Recent Time-Series Evidence 
DONALD W. KEIFER, Congressional Research Service 
A Model of the Lock-In Effect of the Capital Gains Tax on Trading Corporate Stock 
YOLANDA K. HENDERSON, Federal Reserve Bank of Boston 
Allocation Effects of Capital Gains Taxation 
Discussants: LAWRENCE B. LINDSEY, Harvard University 
ANDREW Lyon, University of Maryland 
Patric H. HENDERSHOTT, Ohio State University 


8:00 A.M. DUOPOLY, COLLUSION, AND PRODUCT RIVALRY 
Presiding: GARTH SALONER, Massachusetts Institute of Technology 
Papers: MARK BAGNOLI, University of Michigan, AND J. BRADLEY BARBEAU, University of Chicago 
Product Line Choice in a Bertrand Duopoly 
K. C. Func, Mount Holyoke College 
Intra-Industry Trade and Implicit Collusion: The Differentiated Product Case 
PAUL MESSINGER, Washington University 
Product Rivalry in Technologically and Marketing Driven Industries 
Discussants: MICHAEL WHINSTON, Harvard University 
DAVID SCHARFSTEIN, Massachusetts Institute of Technology 
PIERRE REGIBEAU, Northwestern University 


— 8:00 A.M. PENSION PROSPECTS AND POLICIES 
. Presiding: ALAN L. GUSTMAN, Dartmouth College 
Papers: JAMES H. STOCK AND Davin A. WISE, Harvard University _ 
Pensions and Retirement 
ALAN L. GuSTMAN, Dartmouth College 
Pension Benefits and Pension Policies 
RICHARD A. IPPOLITO, Pension Benefit Guarantee Corporation 
Pension Insurance 
Discussants: SYLVESTER SCHIEBER, The Wyatt Corporation 
GARY FIELDS, Cornell University 
ZVI BODIE, Boston University 


8:00 a.M. STATE AND LOCAL FINANCE: PROBLEMS AND PROSPECTS 
Presiding: GEORGE F. Break, University of California-Berkeley 
Papers: ROBERT P. INMAN, University of Pennsylvania 
Fiscal Policy Through an Economic Transition: The Philadelphia Story 
THOMAS F. POGUE AND JOHN L. SOLOW, University of Iowa 
State Expenditure Response to Tax Windfalls: Implications for Theories of Fiscal Illusion 
| JOHN M. QuiG.Ley, University of California-Berkeley 
= l Intergovernmental Fiscal Relations in the Next Decade 
Discussants: MICHAEL J. BOSKIN, Stanford University 
GEORGE F. BREAK, University of California-Berkeley 
DANIEL L. RUBINFELD, University of California-Berkeley 


8:00 A.M. COMPARING MONETARY POLICY 
Presiding: DEBORAH DANKER, Council of Economic Advisors 
Papers: ROBERT HETZEL, Federal Reserve Bank of Richmond 
Federal Reserve Targets and Instruments Prior to October 1979 and Now 
RAYMOND LOMBRA, Pennsylvania State University 
Federal Reserve Behavior: Theory vs. Practice 
THOMAS CARGILL, University of Nevada, AND MICHAEL HUTCHINSON, University of California- 
Santa Cruz 
Discussants: ANN-MARIE MEULENDYKE, Federal Reserve Bank of New York 
KOICHI HAMADA, Yale University 


8:00 A.M. SERVICES: ARE THEY REALLY GROWING? 
Presiding: HARRY L. FREEMAN, American Express 
k Papers: ROBERT SUMMERS AND ALAN HESTON, University of Pennsylvania 
Consumers’ Demand for Services: Within and Across Countries 
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FRANKLIN ALLEN, GERALD R. FAULHABER, AND A. CRAIG MACKINLAY, University of Pennsylvania 
Unbalanced Growth Redux: New Model, New Evidence : 
ZOLTAN KENESSEY, Board of Governors of the Federal Reserve System ai 
A New Index of Service Production: A Companion to the Index of eee Production 
Discussants: ROBERT J. GORDON, Northwestern University 
R. GLENN HUBBARD, Columbia University 
EDWARD N. WOLFF, New York University 


8:00 A.M. INTERNATIONALIZATION OF EQUITY TRADING 
Presiding: WILLIAM C. FREUND, Pace University 
Papers: SEYMOUR SMIDT, Cornell University 
Growth of Equity Trading in World Markets 
WILLIAM C. FREUND, Pace University l 
Electronic Trading and Linkages in International Equity Markets 
KEITH Boast, Toronto Stock Exchange 
The Toronto Cats: A Case Study of Economics and Politics in Electronic trading 
Discussants: ROBERT A. SCHWARTZ, New York University 
DONALD E. WEEDEN, Weeden and Company 
ROBERTA S. KARMEL, Brooklyn Law School, Kelley Dryea Warren, and New York Stock Exchange 


8:00 A.M. ECONOMISTS AND NATIONAL HEALTH PoLicy (Joint Session with the Health Economics Research 
Organization) 
Presiding: HERBERT E. KLARMAN, New York University 
Papers: UWE REINHARDT, Princeton University 
Health Economists: Saviors or Elephants in a Porcelain Shep 3 a es 
Dorotny P. Rick, University of California-San Francisco 
Health Care for the Aged 
KAREN Davis, Johns Hopkins University 
National Health Insurance: A Proposal 
Discussants: LOUIS ROSSITER, University of Virginia 
VICTOR RODWIN, New York University 
JosH WIENER, The Brookings Institution 


8:00 A.M. MIGRATION AND THE HISPANIC ECONOMY IN THE UNITED STATES (Joint Session with the Hispanic 
Professors of Economics and Business) 
Presiding: JORGE SALAZAR-CARRILLO, Florida International University 
Papers: BARRY CHISWICK, University of Illinois-Chicago 
Business Outcomes of Recent Immigrants to the United States 
CORDELIA REIMERS, Hunter College, City University of New York 
Family Income Differences of Hispanic Immigrants 
ANTONIO JORGE, RAUL MONCARZ, AND JORGE SALAZAR-CARRILLO, Florida International 
University 
Cuban Immigrants as Entrepreneuers: Recent Developments 
Francisco RIVERA BATIZ, Rutgers University - ~ 
Business Implications of Labor Migration Between Puerto Rico and the United States 
Discussants: MARTA TIENDA, University of Chicago 
Luis Locay, State University of New York-Stony Brook 
ROGER BETANCOURT, University of Maryland 
8:00 A.M. WHITHER UNIONS? (Joint Session with the Industrial Relations Research Association) 
Presiding: DANIEL J. B. MITCHELL, University of California-Los Angeles - 
Papers: LINDA N. EDWARDS, Queens College, City University of New row 
The Outlook for Unions in the Public Sector 
HENRY S. FARBER, Massachusetts Institute of Technology 
The Outlook for Unions in the Private Sector 
PAULA B. Voos, University of Wisconsin, AND ADRIENNE EATON, Ries University 
The Ability of Unions to Adapt to Innovative Workplace Arrangements 
Discussants: LAWRENCE R. MISHEL, Economic Policy Institute 
SHELDON FRIEDMAN, United Automobile Workers 
RICHARD S. BeELous, The Conference Board 


10:15 AM. REAGANOMICS IN RETROSPECT: LESSONS FOR A NEW ADMINISTRATION ` 
Presiding: ALICE M. RIVLIN, The Brookings Institution 
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Panel: ROBERT M. SOLOW, Massachusetts Institute of Technology 
MURRAY WEIDENBAUM, Washington University-St. Louis 
Se MICHAEL J. BOSKIN, Stanford University 
ISABEL V. SAWHILL, Urban Institute 


10:15. A.M. CAPITAL ACCUMULATION DYNAMICS: GROWTH, TRADE, AND INSTABILITY 
Presiding: DONALD J. Harris, Stanford University 
Papers: DUNCAN FOLEY, Barnard College 
Finance and Instability 
LANCE TAYLOR, Massachusetts Institute of Technology 
Cumulative Growth Processes 
STEVE FAZZARI, Washington University-St. Louis 
Investment Behavior and Instability 
ROBERT BLECKER, American University 
International Competition and Stagnation 
Discussants: JOHN G. GURLEY, Stanford University 
WILLIAM A. DaRITY, JR., University of North Carolina-Chapel Hill 
THOMAS E. WEISSKOPF, University of Michigan 


~ 10:15 A.M. ECONOMIC EFFECTS OF-ACADEMIC RESEARCH ` 
Presiding: DALE W. JORGENSEN, Harvard University 
l Papers: EDWIN MANSFIELD, University of Pennsylvania 
Ca The Social Rate of Return from Academic Research 
h- RICHARD NELSON, Columbia University 
The Connections Between Technology and Science, and the Role of the University 
NATHAN ROSENBERG, Stanford University 
Scientific Instrumentation and University Research 
Discussants: EDWARD DENISON, The Brookings Institution 
JOHN KENDRICK, George Washington University 
ROLF PIEKARZ, National Science Foundation 


10:15 A.M. CAUSES AND EFFECTS OF MERGERS 
Presiding: RICHARD RUBACK, Harvard University 
Papers: MARGARET BLAIR, The Brookings Institution 
The Determinants of Mergers, An Empirical Assessment of a “Free Cash Flow” Theory of 
Mergers 
ERNST BERNDT, ANN F. FRIEDLAENDER, AND CHRISTOPHER VELLTURO, Massachusetts Institute of 
Technology 
Efficiency Costs and Benefits of Railroad Mergers 
ROBERT H. MCGUCKIN AND STEPHEN ANDREWS, U.S. Bureau of the Census 
Post Acquisition Performance of Acquired Lines of Business: Do Stock Market and Accounting 
- Data Really Tell Different Stories? 
Discussants: DON SIEGEL, National Bureau of Economic Research 
. HENRY MACFARLAND, U.S. Department of Justice 
DENNIS C. MUELLER, University of Maryland 





10:15 A.M. EFFECTIVENESS OF EDUCATIONAL RESOURCES 
Presiding: ANITA A. SUMMERS, University of Pennsylvania 
Papers: ERIC-‘A. HANUSHEK, University of Rochester © 
Expenditure, Efficiency, and Equity in Public Schooling 
Henry M. LEVIN, Stanford University 
Economics of Investment in the Educationally Disadvantaged 
PAUL J. TAUBMAN, University of Pennsylvania 
Role of Parental Income in Educational Attainment 
Discussants: RICHARD J. MURNANE, Harvard University 
ANITA A. SUMMERS, University of Pennsylvania 


10:15 A.M. CURRENT ISSUES IN URBAN AND PUBLIC TRANSPORTATION 
Presiding: JOHN MEYER, Harvard University 
j . Papers: STEVEN A. MORRISON, Northeastern University, AND CLIFFORD WINSTON, The Brookings 
Institution 
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The Welfare Costs of Political Support for Public Transportation 
KENNETH A. SMALL, University of California-Irvine ie 
Can Academic Economics Improve Urban Transportation? p 
TED MILLER AND ARLEE RENO, Urban Institute ; ; 
Traffic Jams: How Stuck Are We? 
Discussants: IAN SAVAGE, Northwestern University 
PHILIP VITON, Ohio State University 


10:15 A.M. PITFALLS IN THE USE OF ECONOMETRICS IN THE ANALYSIS OF ECONOMIC POLICY 
Presiding: MARC NERLOVE, University of Pennsylvania 
Panel: JAMES HECKMAN, University of Chicago 
EDWARD LEAMER, University of California-Los Angeles 
CHRISTOPHER SIMS, University of Minnesota 
LAWRENCE SUMMERS, Harvard University 


10:15 A.M. THE NEW INSTITUTIONAL ECONOMICS 
Presiding: DOUGLASS NORTH, Washington University-St. Louis 
Papers: LEONID HuRWICz, University of Minnesota 
Modeling Institutions 
GARY LIBECAP, University of Arizona 
The Demand for Regulation, Quality Control Among Large and Small Firms: The Meat 
Inspection Act of 1906 
OLIVER E. WILLIAMSON, University of California-Berkeley 
Operationalizing the New Institutional Economics: The Comparative Contracting Perspective 
Discussants: BENGT HOLMSTROM, Yale University , ; 
Douciass NorTH, Washington University-St. Louis - 
BARRY WEINGAST, Hoover Institution 


10:15 A.M. CURRENT ISSUES IN SOCIAL SECURITY 
Presiding: ALICIA MUNNELL, Federal Reserve Bank of Boston 
Papers: HENRY AARON, BARRY BOSWORTH, AND GARY BURTLESS, The Brookings Institution 
The Problem of Time Inconsistency in Social Security Financial Planning 
B. DOUGLAS BERNHELM, Stanford University 
Social Security Expectations and Saving 
MARJORIE HONIG AND CORDELIA REIMERS, Hunter College, City University of New York 
Is It Worth Eliminating the Retirement Test? 
Discussants: ROBERT M. BALL, National Academy of Social Insurance 
LAWRENCE H. THOMPSON, U.S. General Accounting Office 
JoHN Hamsor, Social Security Administration 


10:15 A.M. REGIONAL DEVELOPMENT AND INDUSTRIAL STRUCTURE 
Presiding: KATHARINE L. BRADBURY, Federal Reserve Bank of Boston 
Papers: KUHN LEE AND EDWARD L. RANCK, Mississippi Research and Development Center 
The Dynamics of Regional Industrial Development, Diversification, and Policy Alternatives A 
Davip E. WILDASIN, Indiana University 
Fiscal Competition and Interindustry Trade 
CHARLES A. DIAMOND AND CURTIS J. Simon, Clemson University 
Industrial Specialization and the Returns to Labor 
Discussants: MICHAEL J. WASYLENKO, Syracuse University 
ROBERT TANNENWALD, Federal Reserve Bank of Boston 
PATRICIA FLYNN, Bentley College 


10:15 A.M. REEXAMINATIONS OF TAX INCIDENCE 
Presiding: JOHN B. SHOVEN, Stanford University 
Papers: JAMES POTERBA, Massachusetts Institute of Technology 
Who Will Bear the Tax Burden? Incidence Issues for the Next Decade 
DANIEL FEENBERG, National Bureau of Economic Research 
Is Progressivity an Artifact of Measurement? 
KENNETH JUDD, Stanford University 
Tax Incidence with Uncertain Taxes 
Discussants: R. GLENN HUBBARD, Columbia University 
JOSEPH A. PECHMAN, The Brookings Institution 
LAURENCE J. KOTLIKOFF, Boston University 
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10:15 A.M. ECONOMICS OF THE FAMILY (Joint Session with the National Economic Association) 
Presiding: MARGARET C. SIMMS, Joint Center for Political Studies 
Papers: ROBERT I. LERMAN, Brandeis University 
Economic Opportunities for Young Males and Family Formation 
CYNTHIA REXROAT, Joint Center for Political Studies 
Structure and the Status of Children 
JAMES B. STEWART, University of Pennsylvania 
A Comparison of the Economic Status of Women with Children in Extended and Novexenaed 
Families 
Discussants: RONALD MINcyY, Urban Institute 
BARBARA JONES, Prairie View University 
RHONDA WILLIAMS, New School for Social Research 


10:15 A.M. DEBT AND CAPITAL MARKETS: AN INTERNATIONAL PERSPECTIVE (Joint Session with the North American 
Economics and Finance Association) 
Presiding: MAHMOOD A. ZAIDI, University of Minnesota 
Papers: ROBERT EISNER AND PAUL J. PEIPER, Northwestern University 
The World’s Greatest Debtor Nation? 
CHARLES FREEDMAN AND DAVID LONGWORTH, Bank of Canada 
Debt and Capital Markets: The Canadian Experience 
ALLEN SINAI, Boston Company and Economic Advisors, Inc. 
Deficits, Debt, and Interest Rates Premia 
Discussants: H. ROBERT HELLER, Board of Governors of the Federal Reserve System 
JEFFREY D. SAcHs, Harvard University 


10:15 A.M. STRATEGIC ANALYSIS OF INTERNATIONAL ECONOMIC PROBLEMS (Joint Session with the Peace Science 
Society International) 
Presiding: WALTER ISARD, Cornell University 
Papers: JACK HIRSHLEIFER, University of California-Los Angeles 
Models of Conflict and Strategic Analysis 
SOLOMON POLACHEK, State University of New York-Binghamton 
Discussants: STEVEN BRAMS, New York University 
MARTIN McGuire, University of Maryland 


10:15 A.M. OPERATION OF THE INTERNATIONAL ECONOMIC SYSTEM (Joint Session with the Society for Policy 
Modeling) 
Presiding: DOMINICK SALVATORE, Fordham University 
Papers: JAGDISH N. BHAGWATI, Columbia University 
Multilateral Trade Negotiations 
WILLIAM H. BRANSON, Princeton University 
U.S.-Japan Relations: Conflict or Cooperation 
RUDIGER W. DORNBUSH, Massachusetts Institute of Technology 
The United States and the NICs 
LAWRENCE R. KLEIN, University of Pennsylvania 
The Case for International Policy Coordination 
RONALD I. MCKINNON, Stanford University 
The Dollar Exchange Rate and U.S. Monetary Policy 


The DATA SERVICE & INFORMATION GMBH and the STATISTICAL OFFICE OF THE EUROPEAN COMMUNITIES 
present 


Tur New Datasase 
On Your 


À PERSONAL Computer 


. DSI GMBH d 


ON DISK 
EA 


The official economic database 
of the EC COMMISSION: 


The main economic indicators of the 12 EEC-Countries, the United States and Japan. 
Monthly updating for subscribers. Historical database for the period from 1960 onwards. 





For further details, please contact: DATA SERVICE & INFORMATION GMBH 
R 028 43/60273 P.O. Box 1127 
*) plus postage and packing D-4134 RHEINBERG 1, WEST-GERMANY 
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For IBM Personal Computers 
y STAT. Integrates 


SPREADSHEET + STATISTICS + FORECASTING + GRAPHICS 
and is Easy to Use. 








@ YSTAT is the only full-lledged spreadsheet statistical program - - CLE ~~ DEPENDENE VABIABIZ: Consurpt 
a fast, powariul, easy-to-use stand-alone program. thing Riippi STAAN TATER PRON; 
@ Menu-driven format as in Lotus 1-2-3.- offers many functlons 1 Profite O.19zgaa3al (0.08321) Te 2.11827 
that are not available even in 1-2-3, such as vector formulas, 3 0: 796218750 { 0.03994) Te 19193342 0.000 
lagged variables, dummy variables, moving averages, and SpPEN n pene wee os ab a ARE AE 
interpolation of missing values. S04 OF SQUARED RESIDUALS ~ ine O On 
@ You can mad, enter, edit, copy, move, and sort the data as well stanoaan -ERROR (soon SE) - 11025340 r 
as group and partition the data for analysis right on the spread- papa USTED R-SQUARED = 0.977657 
shest. A total of 40 function keys for one-keystroke operations. ae acm ‘or RÉSTDUALE = 5: 000890 EERS 
@ Ten statistical function keys: to tally sums and means; analysis of variance! iced Aa (ar ee A 
subtract varlable means or seasonal means: standardize the (Doe to Ragrersion E aa emer 
data; aggregate seasonal data; generate seasonal indicators; Residual | 93-323 ! ni 382! 
perform moving averages, linear trand forecasts, and so on. Jone nen nnn | ne eaeaten ee Jame Jomo nme | 
o ySTAT . reads 1-2-3 and Symphony worksheet files RESIDUAL ANALYSIS -Moar:: ~6. 000 Aa}. RMSE: 0.946 Mean Abs. & Err: 1.263 
directly, and any free-format or flxed-fonnat textfile generated =~ eee : 
by other PC programs or downloaded from mainframe. The data =$ sfa Tip POT en 
can be numeric, alphabetic, including missing values. Poon cogs | l Teu pi a G 
© Mean, median, quartiles, skewness, mode, t-test, frequency Siaa Ei eecoeeeceeceecitzeecesti ; i 5 
distribution, correlation, crosstabs, analysis of variance. Ljung-Box statistic (chi-square 4 DF): 6.690 (p~0.1827) SS 
@ Multiple regression (OLS), standardized regression, weighted PORTE: RUE NARSUD ST K 
least squares, two-stage least squares, polynomial regression, MI c Ton ST o ET 15555333333 ee eer TO N 
and Cochrane-Orcutt method. Including diagnostic residual oe me seh a uaa on [ 3 
analysis output (see sample at right). SBIR IER Jeceeceeccee tiin] i 
® Pooling of cross-section and time-series data. TA Za a = 
arene 
@ Two-sample difference of means test, nonparametric teste SEQ Actual Pitted rdrm4l.400 71.07J=mar Error 
(Kolmogorov-Smimov test, Wald-Wolfowitz runs test, Mann- a aar ne A ae aeons ae et ec. F 
Whitney test, Wilcoxon matched-palrs signed-ranks test) and a. ‘aap. “ecg << “wa | Aaa a 4 
Spearmans's and Kendall's rank-order correlations. A. e R ' er E | 
@ Time-series models: autoregressive model, moving average 70 Bezo Salas | re | 38) po 
model, and Box-Jenkins modal. 2 87:80 30.33 ! ; =e -5:589 i a] 
. ‘ -20 3 
© Nonseasonal forecasts: linear trend, quadratic trend, poly- 11 50.90 51.13 ] 4} 83501 P| 
. 12 45.60 45.32 | *+ | -0.322 | <: 1 
nomial model, sinugsokal model; simple, double and triple ee game ea ee | a ane 
exponential smoothings. 15 $4.30 5133 J a 101035 {| & | 
16 $7.70 56.06 | +# t 1.636 | 2>>>! 
@ Seasonal forecasts: exponential smoothings wih seasonal ee ee “i bag ss 
indicators or with trigonometric functions; Winters’ additive and BB gS Ra +s i 8.988 I o:>] 
multiplicative procedures. ere IG, oOo oaa RISD gea” | 
2 (*} rece aemthicee ae te pean ene peewee mara otters Ghote 1+ 00 Gramm eam djanm Gaan : ees -—+ 
i esa isa are aki as set nets program and faster SEQ Actual ritted Residual std. tre A Propensity 
other programs and are much easier to usa. Mokke eine eee, ete _ Residuals Dr*L7 
High-resolution color charts : the actual and forecast values are 18 «7.30 Seos  Ciiaie oase alsa? dhe 
graphically displayed as a line chart and also as an XY chart, ee E ee a ee, Se. 
Including a regression fine and its 95% confidence interval. {Wote: this sample output shows some of the options for Tegressicn dingnostice.} 


Actual Versus Fitted 





a NE LD OEA Oea OS ees ces A ce eee deveined veide Go oe ee 
. 


= MING TELECOMPUTING INC. 
23 Oak Meadow Road, P.O. Box 101, Lincoln Center, MA 01773, U.S.A. (617) 259-0391 








Order: ( } ySTAT for $395. ( JySTAT/Medical for $395. Payment: { } Check or money order. - 
( ) Trial Disk ens infommiatioaysanps cere io >. ( ) U.S. university or governmental purchase order. 
( ) Information/sample output. Cir C JMC. -Cad No. nnn ce 
Sysem: ( ) IBMPC. ( yXT.( JAT. ( )Sysem 2 Model | Name Ear da ae 
( ) Other sysem 20 renane 
Options ( ) with 8087 or 80287 or 80387 math oo-processor. Address 
{ ) IBMCGA ( )EGA (. ) Hercules Mono. Card 
Type of printer or plotter Telephone: ( ) 





IEM ina registered traxiomark of Intemational business Machines Corp.; 1-2-3 of Lots Development Corp.: Gauss af Aptech Systema, he, 
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The National Association of Ferensite Economists. 
Announces the 
Journal of Forensic Economics 
ES TI TE 


Professional journal with refereed articles on 
economic loss calculations in the litigation of: ` 


Injury/Death Anti-Trust . . Business Loss 
- Employment Discrimination 


Membership includes Economists and Financial 
Appraisers from 50 states and over 250 
Universities and Firms. 

Association Membership includes subscription to the Journal of Forensic 
Economics, Association Newsletters and Participation i in Regional and 
Meetings "Call for Papers" - ASSA meetings, New York, 

` December28 - 30,1988 : 


 Triannual: $60.00 per ‘year. Order from: National Association of 
Forensic Economists, PO Box 30067, Kansas City, MO 64112 








Available only to AEA members and institutions that agree to list their openings. 


Annual Subscription Rates 


U.S.A., Canada, and Mexico (first class): $15.00, regular AEA members and institutions 
$ 7.50, junior members of AEA 

All other countries (air mail): $22.50, regular AEA members and institutions 
- $15.00, junior members of AEA 










Please: begin my: issues with: a 
‘(J February — [[] April C] June — - []. August C] October C] December 
Name 


First Middle l Lost 
Address 
















City State/Country Zip/PostalCode 
Check one: ae 7 : | 


[Li fama ERIE SA of the American Economic Association. 
(J f would like to become a ‘member. My application and payment are enclosed. 
L} (For institutions) We agree to list our vacancies in JOE. 


Send payment (Ù. S. currency only) to: 
THE AMERICAN ECONOMIC ASSOCIATION 

1313 21st Avenue South 

Nashville, Tennessee 37212 
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Economics has more to offer 
than free market economics, 
mathematical abstrusity, and 
the Marxist paradigm. . . 

If you DISAGREE, do not read further! 


If you AGREE, consider teaching a course in your 
department that uses: 


Economics as Social Science: 
An Evolutionary Approach 


— Gordon The University of Texas, Austin 
an 
John Adams The University of Maryland, College Park 


Economics as Social Science is a new and modern exposition of the ideas of evolutionary (American 
institutional) economics. The book is a useful and stimulating introduction to the methods and theory 
of contemporary institutional economics. Gordon and Adams contrast the evolutionary approach with 
standard microeconomics and macroeconomics, and with Marxism. As a text, Economics as Social — 
Science may be used in courses in non-orthodox and heterodox economics, or economic ideas. i 


If you are UNDECIDED, answer the following true-false questions: 1. The. institutions, technology, 
and values of society do not change, as orthodox economic theory usually assumes. (FALSE) The world 
in which we live is a dynamic, changing place. 2. People are driven exclusively by rational gain 
considerations (profit and utility maximization), as conventional economists assume. (FALSE) 
Managers and consumers act on the basis of complex motives which they themselves do not fully 
understand. 3. Firms usually operate under conditions of perfect competition, as standard price theory 
alleges. (FALSE) Oligopolies are widely prevalent and it is difficult to identify even one major 
competitive industry in the modern American economy. 4. Economics increasingly resembles formal 
mathematics rather than a science of society. (TRUE) Orthodox economics uses intricate and opaque ` 
geometry, algebra, and calculus to try to prove its recondite arguments... 5, Economics. is purely 
“positive” and “value free.” (FALSE) Economics is a social science dealing with’ human behavior and 
has an obligation to explain how people’s values arise and change. l 

About Examination Copies: EE 
If you AGREED with the initial proposition, or if you answered correctly three or more of the true-false 
questions, then you are invited to request an examination copy of: 


Economics as Social ane An Evolutionary Approach 
Wendell Gordon” and John Adams | 
Cloth $33.00 ($25.00 for classroom use) ISBN: 0 913215 38 4 


THE RIVERDALE COMPANY, Publishers | 
5506 Kenilworth Ave. - #102 ~ Riverdale, Maryland 20737 ~ (301) 864-2029 
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New Books in Business and Economics — 
from Praeger Publishers and Quorum Books — 





PSYCHOLOGICAL FOUNDATIONS - 
OF ECONOMIC BEHAVIOR 
Edited by Paul J. Albanese — 
Broadens the behavioral basis of economic 
analysis to a social level and expands the limits 
of economic theory’s applicability. 

- Available October 1988. ISBN 0-275-92742-3. 
$43.00 tent. | 


THE INVESTMENT PERFORMANCE. 

OF CORPORATE PENSION PLANS | 

Why They Do Not Beat the Market Regularly 

by Stephen A. Berkowitz, Louis D. Finney, 

and Dennis E. Logue 

Examines why corporate pension plans have not 
. matched the performance of mutual: funds and” 

what can be done to reverse this trend. 

1988. ISBN. 0-89930-224-6. $35.00 


HANDBOOK OF THE MONEY 

AND CAPITAL MARKETS 

by Alan Gart 

“thorough, comprehensive and provides an 
in-depth description of the financial markets and 
related financial instruments....a useful refer- 
ence and source of guidance in investment 
making decisions.” . 

—Rosanne Gatta, Assistant Vice President 
and Treasurer, Provident Mutual ` 

1988: ISBN 0-89930-270-X. $49.95 


POPULATION GROWTH AND 
SOCIOECONOMIC PROGRESS IN LESS 
DEVELOPED COUNTRIES | 
Determinants of Fertility Transition 

by Peter N. Hess | | 
Examines fertility rates and their trends and 
determinants in less developed countries by 
testing an empirical, interdisciplinary model of 
the fertility transition. | 

1988. ISBN 0-275-92979-5. $39.95 





U.S. INTERNATIONAL COMPETITIVENESS 
Evolution or Revolution? 
by John C. Hilke and Philip B. Nelson 


~ Challenges the common assumptions concerning 


the causes.of America’s growing trade deficit. 
1988. ISBN 0-275-92964-7. $37.95 


THE MODERN ECONOMICS OF HOUSING - 
A Guide to Theory and Policy for Finance 
and Real Estate Professionals 


_ by Randall Johnston Pozdena 


A highly readable examination of the various 
theories that have been advanced to explain the 
economic behavior of today’s housing market. 
1988. ISBN 0-89930-230-0. $39.95 


SMALL BUSINESS, BANKS, AND SBA 

LOAN GUARANTEES | 

Subsidizing the Weak or Bridging a Credit Gap? 
by Elisabeth Holmes Rhyne 

Clarifies the reasons for the often heated debate 
about the Small Business Administration and 
offers new insights into whether the program 
does indeed subsidize the weak or perform a 
valuable service in bridging the small business 
credit gap. . 
1988. ISBN 0-89930-256-4. $39.95 


NET ENERGY ANALYSIS AND THE ENERGY 
REQUIREMENTS OF ENERGY SYSTEMS 

by Daniel T. Spreng | E 
Thoroughly explains the theoretical principles 
underlying net energy analysis, offers examples 


` of how these principles are applied, and provides 


an impartial critique of current methods. 
1988. ISBN 0-275-92796-2. $47.95 


Praeger Publishers/Quorum Books 


A division and imprint of Greenwood Press, Inc. 


88 Post Road West, P.O. Box 5007, Westport, CT 06881, (203) 226-3571 
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REASONS FOR ; Robert Goodin passionately and aoe defends the welfare 
WELFARE state from current attacks by the New Right. But he contends. z 
oe ae that the welfare state finds false friends in those on the Old Left: - 
The Political Theory who would justify it as a hesitant first step toward some s larger, 
of the Welfare State ideally just:form of: society. 

Robert E. Goodin . erudite and very well researched, yet water inan | 
ie ondinanly clear, jargon-free; and concise style: Thei issues: 
with which it deals‘are of central importance not lyi in political a 

philosophy but also in real-world.policy debates.” ; a4 
—Allen Buchanan, University of Arizona 








Pe ot ah 
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Studies'in Moral,-Political,and Legal. a © 2 
Marshall Cohen, Editor SEF : 
Paper: $14.95 ISBN 0- 691 .02279-8. <a ip : 
Clee $45.00 an 0- 691- 07766- A Do Ti = 


peyockacy anp TR ees . 
THE WELFARE s 


confront powerful criticisms that have been leveled ae E 
Se WAWN IE ihe welfare state by. conservatives, liberals, and radicals’ and | 

Edited by Amy Gutmann suggest reforms in welfare state programs that Ea meet 

these criticisms. © ~ 

Studies from the Projéct on the Federal Social Role. , 

Forrest Chisman and Alan Pifer, Series Directors 3 F 3 

Paper: $12.95 ISBN 0-691-02275-5 © © a T 

Cloth: $37.50 ISBN 0-691-07756-8: 7 7 saa a Bae 





THE POLITICS OF This ou ia ta wae iei of the 1980s: in. the ae i 


i context of past patterns of U.S. policy, such as the Social Security.“ 
SOCIAL POLICY Act of 1935, the failure of efforts in thé’ 1940s to extend national ` 
IN THE social benefits and economic planning,, and the backlashes against ` i 
UNITED STATES “big government” that-followed reforms of the 1960s‘and early ` Es 
Edited by Margare t Weir 1970s. ‘The editors suggest how new faily and employment r 
i S policies might revitalize political coalitions and further basic 5 
Ann Shola Orloff, national values. a 


EWEN Neem esse Studies from the Project on the Federal Social Role — - a 





Forrest Chisman and Alan Pifer, ee Directors © Sg. o.. H 
Paper: $14.50 ISBN 0-691-02841-9 ... =- ey a ug 
Cloth: $52. 00 ISBN.0-691-09436- a St Se 
AT YOUR BOOKSTORE: OR i Pee ake a 
Princeton University Press eS ae ee 
41 WILLIAM ST. * PRINCETON, NJ'08540'» (609) 452.4900 i 
ORDERS: 800-PRS- ISBN N77. A726) oy, e a ! 
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This fall, a lot of micro Papen will exceed expectations — 
poet to en ra Eaton: s L E e aA 


Eaton and Eaton is the intermediate micro text based on the notion that learning economics 
is doing economics. The notion is working. 


Published less than one year ago, Eaton and Eaton has been adopted at a long list of schools 
across the country. How does a new text become so popular so rapidly? With exceptionally 
clear writing and careful development of ideas to help students grasp important material. Find 
ou for yourself. Eaton and Eaton is worth a close look. 


..a well thought out book. Especially attractive is the approach emphasizing that 
ee involves building models and solving problems.” 
—Peter Huang, Tulane University 


“A first rate text?’ —O. Honkalehto, Colgate University 
1988, 471 pages, ISBN 0-7167-1818-9 . an ‘complete supplementary package 


os 
W. H. Freeman and Company l 
The book publishing armi of SEE American * 41 Madison Avenue, New York, NY 10010 


NEW FROM THE IMF 


_ Staff Studies for the | 
World Economic Outlook, July 1988 


Two background papers prepared for the latest World Economic Outlook 
comprise this year’s volume of staff studies. The first paper gives an analysis 
of the accuracy of the short-term forecasts in the Outlook; the second gives 
the details of MULTIMOD, the econometric model that supports the analy- 
sis of the forecasts. A basic reference for all interested in global economic 
analysis and forecasting. 


ISBN: 1-55775-023-8 


Price: US$15.00 (US$11.00 to university libraries, faculty members, and students). 


Available from: Publication Services * Box No. E-413 
International Monetary Fund Ħ 700 19th Street, N.W. 
‘Washington, D.C. 20431, U.S.A. * Telephone (202) 623-7430 





Please mention THE AMERICAN Economic Review When Writing to Advertisers 


vii 


Employment Futures 
Reorganization, Dislocation, and Public Policy 


_ PAUL OSTERMAN, Massachusetts Institute of Technology 


“Most Americans earn most of their income in the labor market. The skills in n that labor market 
in turn are the prime determinant of any country’s success or failure. Given this individual and 
community reality, it is important that we both understand our current labor and learn how to | 
improve it. Paul Osterman’s Employment Futures is an essential place to start on that process.” 
—Lester Thurow, Massachusetts Institute of Technology 

1988 224pp. $24.95 


The Economics of Missing Markets, Information, and Games 
Edited by FRANK HAHN, University of Cambridge 


This collection of papers is the result of a University of Cambridge sadly of the consequences . 
of missing markets, asymmetric information, market-dependent information, strategic. market 
situations, and the role of quantity signals. The contributors also consider the behavior of | 
overlapping generation models and their macroeconomic implications, providing a useful 
reference text on most of the main issues of current interest to economic Mieonatar 

October 1988 256 pp. $55.00 


The Open Economy 

Tools for Policymakers in Developing Countries š 

Edited by RUDIGER DORNBUSCH, Massachusetts Institute of E TER and 
F. LESLIE C.H. HELMERS, formerly of the World Bank 


This important book is a teaching manual, written in nontechnical language, on policymaking 
in developing countries. Written at the request of the Economic Development Institute of the 
World Bank, the papers focus on policy instruments, their use and constraints, and provide 
case studies of economic policy in Argentina, Brazil, Indonesia, Korea, and Mexico to 0 iustae 
basic problems and possible solutions. nA 

(A World Bank Publication) (EDI Series in Beania Development) i eee fs. ee ae 
1988 424pp.;illus. cloth $38.00 paper $14.95 = ee gees ae 


Keynes’s Vision 
ATHOL FITZGIBBONS, Griffith University, Queensland 


In this readable yet scholarly reevaluation of the thought of John Maynard Keynes, 
Fitzgibbons traces the great economist’s vision as it developed from his early philosophical 
writings (including many unpublished or neglected works) through the Collected Writings. 
Focusing on how Keynes understood significant political and economic matters, Fitzgibbons 
charts the evolution of his system of political economy, provides fresh insights into‘his 
approach to economic policy, and challenges the view of Keynes as a political liberal. 

1988 224pp. $44.00 


Consumer Safety Regulation | 

Putting a Price on Life and Limb 

PETER ASCH, Rutgers University 

This book, written by an economist, critically assesses the rationales for, and the effects of, our 
major consumer safety programs. Incorporating relevant literature on cognitive psychology as 
well as economics, the author argues that although legitimate reasons for public protection of 
consumers exist in some markets, the particular programs we adopt often produce results that — 


fall far short of what their advocates desire, and at least occasionally yield PeIVerse outcomes. 
1988 190 pp.;17 linecuts $24.95 


Prices and publication dates are subject to change. 
To order, send check or money order to: Humanities and Social Sciences Marketing Bewartiicrt 


Oxford University Press 
200 Madison Avenue * New York, NY 10016 
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‘North-Holland 


US $ prices are valid only in the USA and Canada. in all other countries the Dutch Guilder (DH) price is definitive. 






Statistical Data Bank Systems 
Socio-Economic Database and Model 
Building in Japan 

edited by K. Uno and S. Shishido 


1988 x + 362 pages 
Price: US $92.00/Dfl. 175.00 
ISBN 0-444-70397-7 


This book reports on the latest developments in ` 


statistical database and quantitative analysis in 
Japan. The articles are the outcome of the 
Project MUSE (Multiple-Use Socio-Economic) 
Data Bank. The purpose of the research was to 
promote interdisciplinary research regarding the 
feasibility of a statistical data bank in the social 
science field in response to increasing social 
needs. 


Explaining the Growth of Government 


edited by J.A. Lybeck and M. Henrekson_ 


(Contributions to Economic Analysis, 171) 


1988 viii + 396 pages 
Price: US $86.75/Dfl. 165.00 
ISBN 0-444-70426-4 


The aim of this book is to explain the post-war 
growth of the public sector in a number of 
developed economies. The purpose is to see 
whether: scientists familiar with their respective 
countries’ institutional, political and economic 
framework, but still working as a group, can 
advance some common factors behind the 
growth of government. The authors are either 
economists or political scientists {or both) but 
having a strong empirical background. 


A Study of Trade among Developing 
Countries, 1950-1980: An Appraisal -of 
the Emerging Pattern - 


by H.C. Thomas 
(Contributions to Economic Analysis, 170) 


1988 xvi + 242 pages 
Price: US $65.75/Dfl. 125.00 
ISBN 0-444-70385-3 


The accelerated growth of trade among 
developing countries during the 1970s has 












North-Holland 
New Books in Economics 


In the U.S.A. and Canada: 

Elsevier Science Publishing Co. Inc., 
P.O. Box 1663, Grand Central Station, 
New York, NY 10163, U.S.A. 









attracted both policy and analytical interest. 
While the latter interest is concerned to explain 
this phenomenon either in relation to existing 
theories of trade or through new or special 
theories, the former interest is concerned with 
the implications of this trade for global economic 
welfare and in particular, for the income growth 
and development prospects of the poorer, 
underdeveloped regions of the world. 


Spatial Analysis and Planning under 
Imprecision 
by Y. Leung 


(Studies in Regional SPENCE; & Urban 
Economics, 17) 


1988 xviii + 376 pages 
Price: US $86.75/Dfl. 165.00 ` 
ISBN 0-444-70390-X 


The book deals with complexity, imprecision, 
human valuation, and uncertainty in spatial 


„analysis and planning, providing a systematic 


exposure of a new philosophical and theoretical 
foundation for spatial analysis and planning 
under imprecision. Regional concepts and 
regionalization, spatial preference-utility-choice - 
structures, spatial optimization with single and 
multiple objectives, dynamic spatial systems and 
their controls are analyzed in sequence. 


Plans and Disequilibria in Centrally 
Planned Economies 


Empirical Investigations for Poland 
by W. Charemza and M. Gronicki 
(Contributions to Economic Analysis, 159) 


1988 xi + 188 pages. 
Price: US $94.75/Dfl. 180.00 
ISBN 0-444-70100-1 : 


Co-publication with PWN Publishers. Distributed. 
in the East European countries by Ars Polona, 
Warsaw, Poland 


The purpose of this study is to investigate 
interrelations between planning mechanisms and 
disequilibria in a case where the planning 
decisions are centralized and are exogenously 
given to enterprises. 


in all other countries: 
Elsevier Science Publishers, 

Book Order Department, 

P.O. Box 211, 

1000 AE Amsterdam, The Netherlands. 


NH/ECON/BK/0970a 


Customers in the Netherlands, please add 6% B.T.W. in New York State applicable sales tax should be added. 


All prices are subject to change without prior notice. 
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the quality of our 
texts never does, 


Just Revised 


PRINCIPLES OF ECONOMICS, 


4th Edition 
Ryan C. Amacher and Holley H. Ulbrich 
Clemson University 


Featuring a balanced presentation of principles 
from the market perspective, this introductory 
package is available in comprehensive format or in 
split versions (one macro, one micro). 

This newly revised edition covers the most 
important topics in micro- and macroeconomics: 
aggregate supply——market and government 
failure—international issues. The emphasis is on 
pragmatic analysis, not strong ideologies. 


Just Revised 


ECONOMICS: The Science of 


Common Sense, 6th Edition 
Elbert V. Bowden, Chair of Banking, 
Appalachian State University 


Providing students with a conceptual 
understanding of economics, this revised text 
features a variety of pedagogical aids that make 
learning and teaching simpler. 

An up-to-date emphasis on conditions of the 
late 1980s ('87 stock market crash, government 
deficit, trade deficit), plus coverage of international 
topics in each chapter, enhances students’ 
understanding of current economic trends and 
issues. 


market may fluctuate... ~ 


SCE 


ECONOMICS: A Contemporary 


introduction 
William McEachern, University of 
Connecticut 


This engaging new text covers current issues 
in macroeconomics (U.S. productivity, federal 
budgeting, and the natural rate hypothesis).as 
well as microeconomics (the-role of time and 
information in production and consumption) with 
fresh, contemporary style. 

Numerous examples, diagrams, and case 
Studies reinforce theory throughout the text, while 
the supplementary package is the most complete 
available. 


_ MACROECONOMICS: Theory 


and Policy 

Steven M. Sheffrin, University of 
California, Davis j 
David A. Wilton, University of Waterloo 
David M. Prescott, University of Guelph 


This rigorous, forthright text juxtaposes the 
Standard IS-LM curve with the PEP model to ` 
provide a solid framework of analysis. 

Timely topics, such as hysteresis and the 
European unemployment rate, exchange rate 
overshooting, the new classical economics, 
and real business cycle theory, are covered 
in detail. 


For more information on our stable economics texts, 
contact the South-Western representative in your arza. 


SOUTHWESTERN 


COLLEGE DIVISION 
5101 Madison Road « Cincinnati, OH 45227 
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AEA sponsored 


Group Life Insurance 
- for you and your family— 
at attractive rates! 


The AEA Group Life Insurance Plan can help provide 
valuable supplementary protection—at attractive rates—for 
eligible members and their dependents. 
| _ Because AEA participates in a large Insurance Trust 

which includes other scientific and technical organizations, the 
- lowcost may be even further reduced by premium credits. In 
. the past nine years, insured members received credits on 
their April 1 semiannual payment notices averaging 40% 


- -Of their annual premium contributions. (These credits are based 


on the amount paid during the previous policy year ending 
september 30.) Of course future premium credits, and their 
-: amounts, cannot be promised or guaranteed. 

Now may be a good time for you to re-evaluate your 
present coverage and look into AEA Life Insurance. Just fill out 
and return the coupon for more details at no obligation. 


Administrator, AEA roe Insurance Program 

1255 23rd Street, N.W 

Washington, D.C. 20037 

Please send me more information about the AEA Life Insurance Plan. 


Name e NOG 





Address 
City State Zip 





pP me a ee ee ee ee ee ee ee a G 


Or—call today Toll-Free 800-424-9883 
(Washington, DC area, call 296-8030) ` 
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Begin Maeng plans to attend the 


Annual Meeting of 
The American E 
Economic Association 


(in Conjunction with Allied Social Science Associations) 
to be held in BE | 2 


NEW YORK, NY 


Dec. 27-30, 1988 


The Employment Center opens Tuesday, December 27; sessions are Wednesday, 
December 28. 


See the September AER for the American Economic Association's preliminary program. 


The 1989 meeting will be held in Atlanta, GA, December 27-3). 
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THEORY AT WORK 
MACMILLAN] 


COLLEGE DIVISION, 866 THIRD AVE., NEW YORK, NY 10022-GIVE US A CALL AT 1-800-428-3750 
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An exciting new journal from Kluwer__ 


The Journal of Risk | Jeumalo 
and Uncertainty à 


Co-Editors: Mark Machina, University of California, 
San Diego, and W. Kip Viscusi, Northwestern University 


Associate Editors: Baruch Fischhoff, Carnegie Mellon 
University, Howard Kunreuther, Wharton School, 
University of Pennsylvania, John Payne, Duke University, 
and V. Kerry Smith, North Carolina State University 


Papers included in Volume 1, 
Number 2, June 1988 


Measuring Values: A Conceptual 
Framework for Interpreting Transactions 


with Special Reference to Contingent Consumer Processing of Hazard 
Valuation of Visibility Warning Information 
Baruch Fischhoff and Lita Furby Wesley A. Magat, W. Kip Viscusi 
The Marginal Value of Job Safety: MEO RDE 
A Contingent Valuation Study Learning About Radon’s Risk 
Shelby Gerking, Menno de Haan V. Kerry Smith, William H. Desvousges, 
and William Schulze Ann Fisher and F. Reed Johnson 


The Journal of Risk and Uncertainty welcomes original manuscripts, both theoretical 
and empirical, dealing with the analysis of risk-bearing behavior and decision making 
under uncertainty. The topics covered in the journal include, but are not limited to: 
® decision theory and the economics of uncertainty 

® psychological models of choice under uncertainty 

@® risk and public policy 

® experimental investigations of behavior under uncertainty 

® empirical studies of real work risk-taking behavior 


An important aim of the JRU is to encourage interdisciplinary communication and 
interaction between researchers in the area of risk and uncertainty. 


Subscription Information Rates per volume; 1988 (4 issues) including postage and handling 
Individual: $45.00 Institutional: $107.00 ISSN 0895-5646 


i ad 
Information for Authors, sample copy requests, Ll | \ \ ER BV 
and subscriptions should be addressed to: AC N DEI | IC 


P U B'E S H ERS 
101 Philip Drive « Norwell, MA 02061 
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Computer Assisted Instruction 


TUTOR 


A COMPLETE LEARNING ENVIRONMENT 


TUTOR is a tutorial software package 

which helps students understand concepts and 
receive better grades i in their courses. The 

material of a course is divided into topics. Each 

topic is introduced with a statement of the lesson 
goal and purpose. The student may choose to 
obtain a printed copy of the lesson. The student 
may also store the lesson in a file and return to it 

later for analysis and evaluation of progress. The 

understanding of each concept is verified with a 

variety of questions. For each question, 

explanations and references to specific pages in 

four leading textbooks are provided. The 

questions are either multiple choice, true/false, 

fill-in, graphical or numerical applications, or - 

short essay type. A course diskette averages 1,000 

questions with explanations. 

Several procedures are available: 

- a learning procedure with explanations, 

- a tutorial procedure with page references, 

- a closed book blind test without explanation. 

Additional explanations include access to 

- glossary of terms, 

- commonly used abbreviations, 

- examples, and 

- numerical applications. 

The learning environment includes: 

- a procedure to study and understand graphs, 

- a word processor to write assignments, 

- several assignments for each course, 

- a built-in spreadsheet for working with data, 

- relevant data sets for analysis, 

- biographies of major contributors in the field, 

- outlines on major research findings, 

- brief summary of important laws and events. 
Learning with TUTOR is dynamic. 

The questions are not a boring or repetitive drill 

because they are virtually never exactly the same: 

the student cannot memorize the answer, but 

must learn a concept (the answers are 

randomized). The lessons are challenging because 

the student can keep track of his/her score and 

progress in learning. Nevertheless, the lessons are 


Academic Software Corporation 


Bull Hill Road, Conesville, NY 12076 


not frustrating because explanations and guidance 
are provided. The material is highly authoritative 
because it is tied to several textbooks (the student 
is asked to refer to these manuals). In spite of the 
extent of the variety of the procedures and 
materials available, the package is extremely user 
friendly and REQUIRES NO KNOWLEDGE 
OF COMPUTERS. Once the program is started, 
explanations on what to do appear at each step, 
and the student has access to additional 
explanations with a help key. The package is 
currently used in over one hundred colleges 
nationwide. 


Courses and availability dates: 


- Macroeconomics(immediately), 

- Microeconomics (immediately), 

- Basic Economics (immediately), 

- Corporate Finance (Fall 1988), 

- Money and Banking (Fall 1988), 

- Investment (Fall 1988), 

- Accounting (Spring 1989), 

- Principles of Marketing (Spring 1989), 

- Principles of Management (Spring 1989). 


Other social science, natural science, applied 
science and language course packages will be 
ready in 1989 or 1990. 


TUTOR comes in an attractive and useful 
package. TUTOR is priced to be affordable by all 
at $10.00 for each course diskette and each 
program diskette. The program diskette will run 
all the course diskettes. TUTOR is currently 
available for IBM and compatible with minimum 
of 256K memory. An Apple version will be ready 
in fall 1988. TUTOR is 100% money back 
unconditionally guaranteed. 


Find TUTOR at your bookstore.Feel free to call 


or write us for purchasing information and 
technical support. 


Tel: 1-800-666-3652 
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r] New York University Press 





Agricultural Reform Efforts 
= in the United States and Japan 
D. GALE JOHNSON, Editor, University of Chicago 

90 pages/ ISBN: 0-8147-4171-1/ $25.00 


Monetary and Fiscal Policy 
DOUGLAS FISHER, North Carolina State University 
310 pages/ ISBN: 0-8147-2587-2/ $45.00 


Keynes and Public Policy After Fifty Years 


Volume I: Economics and Policy - 
Volume I: Theories and Method 


OMARE HAMOUDA and JOHN N. SMITHIN, Editors, York Univ ersity, Toronto 


Volume I: 170 pages/ ISBN: 0-8147-3444-8/ $35.00 
Volume II: 216 pages/ISBN: 0-8147-3445-6/ $45.00 


Marx and Keynes on Economic Recession 
The Theory of Unemployment and Effective Demand 
CLAUDIO SARDONI, University of Rome 
152 pages/ISBN: 0-8147-7871-2/ $45.00 


The Political Economy of Marx, 2/e 


M.C. HOWARD, University of Waterloo, Canada 
J.E. KING, University of Lancaster 


280 pages/ ISBN: 0-8147-3452-9/ $35.00, cloth 
ISBN: 0-8147-3453-7/ 815.00, paper 
Applied Behavioral Economics, 2 Vols. 
SHLOMO MAITAL, Editor, Technion-Israel Institute of Technology 
The Set: 831 pages/ISBN: 0-8147-5437-6/ $125.00 


Nicholas Kaldor 
A.P THIRLWALL, University of Kent 
360 pages/ ISBN: 0-8147-8177-2/ $45.00 





NEW YORK UNIVERSITY PRESS 
Washington Square South, New York, NY 10003 
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INDUSTRIAL 

POLICY OF JAPAN 

edited by 

Ryutaro Komiya, 

Masahiro Okuno, 

and Kotaro Suzumura 

__ translated under the 
supervision of 

‘Kazuo Sato 


Japanese industrial policy ~ 


_ has long been the focus of ` 


. Western attention. While most 


-research by foreign scholars 
_ has been conducted from a - 
political science perspective 
and is primarily chronological 
in nature, this book uses an 
economic approach. 
This volume represents the 
- results of a two-year study by 
Japanese researchers begun 
` in May 1982. The purpose of 
-. the study was to formulate a. 


| standard economic-theoretic ` 
= analytical framework to exam- 


- ‘ine pre-war conditions, post- 


` „war growth, and such recent ~ 


._ developments as declines in 
productivity growth rates as- 
sociated with advanced capi- 


talist economics and the grow- ` 


ing concern over supply side 
policy intervention. 

Translated under the super-. : 
"vision of Kazuo Sato, this work 


New Titles In 
Industrial, International, 
And Comparative Economics 


combines the expertise of 
specialists in such fields as 
applied microeconomic 
theory, public and welfare 
economics, and industrial or- 
ganization to present a com- 


` prehensive and current de- 
‘scription of Japanese indus- . 


trial policy. 

In Paperback: $32.95 
ISBN: 0-12-418651-3 
Casebound: $65.00 


ISBN: 0-12-418650-5 
1988, 590 pages 


E ak 
RECENT. 


DEVELOPMENTS 


IN JAPANESE 

ECONOMICS 

edited by - 

Ryuzo Sato 

and Takashi Negishi 
Covering the latest eco- 

nomic research in Japan, this 


- timely volume will interest all 


research economists in Japa- 


nese and international econo- © 


mies. 
August 1988, c..245 pages 
$59.95 (tentative) 


_ ISBN; 0-12-619845-4 
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ae 
CHINESE 
ECONOMIC 
REFORM 


_ How Far, How Fast? 


edited by 
Bruce L. Reynolds 

-This is a re-printing of the 
special September 1987 issue 
of the Journal of Comparative .. 
Economics (published by 


“Academic Press). In October 
- 1986, 32 scholars met for a 


special conference on 
Chinese economic reform— 
half of the group came from 


China, the rest were Amer- 


icans and Europeans. Con- . 
tributors to this proceedings 
volume are some of the most 
eminent experts in this field. 
Paper topics include Mac- 
roeconomic Policy and Re- 
sponse in the Chinese Econ- 


- omy: The Impact of the Re- 


form Process; Between Plan 
and Market: The Role of the 
Local Sector in Post-Mao 
China; Enlivening Large State 
Enterprises: Where is the Mo- 
tive Force?; and China’s " 
Banking System: Current 
Status, Perspective on Re- 
form. 

June 1988, c. 256 pages 
$29.95 (tentative) 

ISBN: 0-12-587045-0 


___Harcourt Brace Jovanovich, Publishers_____ 
Book Marketing Dept. #40098, 1250 Sixth Ave., San Diego, CA 92101 


©1988 by Academic Press, Inc. All Rights Reserved. — 


Call Toll Free 1-800-321-5068 


Prices subject to change without notice. GD/SJ—40098 
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THE CRITICS. ACCLAIM 
THE NEW 
PALGRAVE 
A DICTIONARY OF ECONOMICS 


Edited by 
John Eatwell, Murray Milgate, Peter Newman 





“The result is an unparalleled store of information...The New Palgrave is a testimony to 
the capacity of economics to illustrate the world.” 


ROBERT HEILBRONER 
NEW YORK REVIEW OF BOOKS 


“far surpasses any other reference work on economics.” 
WASHINGTON POST l 


“The New Palgrave offers today’s trained economists an inexhaustible supply of 
instruction and provocation...here are hundreds of articles that convey the fascination 
and importance of the subject.” 



















» 


THE ECONOMIST 
“ „an event of great importance to all economists...a tour de force.’ 
_ RICHARD STONE 


“To attempt such an undertaking was audacious, to have carried it out is astonishing, 

and to have done so with so remarkable a list of authors is a tribute to the intelligence 
and diligence of the editors.” | 
ALAN S. BLINDER 


“ „an indispensable reference tool...the topics are exhaustive” 
KENNETH J. ARROW | 


“The list of contributors reads like a who’s who in economics. The range of topics is © 
breathtaking...it is overwhelmingly impressive.’ 


MARTIN L. WEITZMAN 
“a remarkably ambitious and extraordinarily useful enterprise.” 

J.K. GALBRAITH 
“It will undoubtedly become the classic for this century.’ l 
BOOKLIST/REFERENCE BOOKS BULLETIN 


* 4 Volumes * 4,194 Pages 

* 927 Contributors * 655 Biographies 

* 1,261 Subject Entries © a * 4,000 Cross References 
* 4.3 Million Words * Price $750 


For further information, or to order, please call 800 221 2123. In NY call collect 212 481 1334. 
Or write to the publisher, Stockton Press, 15 East 26th St., New York, NY 10010. 
We accept VISA, MASTERCARD, DINERS, AMERICAN EXPRESS 


2 unnan = 
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“THE ECONOMICS INSTITUTE 


Gateway to Successful 
Master’s and Doctoral Degree Studies 
in Economics, Agricultural Economics, Business and Administration 


Since its establishment in 1958 under the sponsorship of the American Economic 
Association, the Institute has provided specialized preparatory training and orien- 
tation to over 6,000 students from over 120 countries en route to over 320 universities 
in the United States and other English-speaking countries. 


PROGRAM FEATURES 
e Six to forty-six week individualized programs. 
e Intensive and comprehensive review or supplementary preparatory training in: 


English, Computer Usage, Economic Theory, Mathematics, 
Statistics, Accounting, Management, Finance and Marketing. 


¢ Standardized test preparation (TOEFL, GRE, GMAT). 

e Orientation to U.S. campus and community life. 

e University placement assistance services. 

e Certificate and Diploma Programs for short-term professional trainees. 


END RESULTS for 


° Associated universities: Improved admissions procedures and a source of 
additional high-quality foreign students. 


e Foreign students: Greater accessibility to U.S. universities. 
e Sponsoring organizations: Reduced total costs. 


¢ And for all three: Better grade performance records in degree programs and 
more rapid completion of degree requirements. 


ORGANIZATION 


| . AEA Policy and Advisory Board: 

Edwin S. Mills, Northwestern University, Chairman 
Lance E. Davis, California Institute of Technology 
Koichi Hamada, Yale University 
Joseph Havlicek, Ohio State University 
Teh-wet Hu, University of California, Berkeley 
SamuelA. Morley, Vanderbilt University 
Ray Marshall, University of Texas at Austin 
Stefan H. Robock, Columbia University 


Director 
Wyn F Owen, University of Colorado 


The Economics Institute, 1030 13th Street, Boulder, Colorado, 80302, USA; 
+ Telephone: (303)492-3000; Telex: 450385 ECONINST BDR; FAX: (303)492-3006 
| 
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The Loan Pushers 

The Role of Commercial 
Banks in the International 
Debt Crisis 


William Darity, Jr. and 
Bobbie L. Horn 


“The Loan Pushers is a stunning, 
significant contribution to the debate 
switling around events and situations 
having potentially grave consequences 
for the world’s economy. The authors 
offer a provocative, penetrating, and at 
times disturbing synthesis of the contro- 
versy surrounding the genesis and impli- 
cations of the global debt crisis. ... 
Reading it carefully and completely is a 
must.” 

-- Michael P. Claudon, Director 
Middlebury Center for Economic 


The Federal Reserve 
Lender of Last Resort 


Gillian Garcia and 
Elizabeth Plautz 


. Despite the extensive literature on 


bringing reform to the deficient U.S. 
federal financial safety net, the 
Federal Reserve’s role as “lender of 
last resort” has been all but neglected. 
Extensively examining the first line 
in the government’s defense against 
a financial crisis, The Federal 
Reserve fills the gap. The authors 


_ discuss the Fed’s performance during 
-crises since the 1970s, the impact of . 


changes in the financial system on 
the lender of last resort (LLR) role, 
possibilities for modernizing the 
LLR function, and more. 


November 360 pages 

Studies, Middlebury College  0.88730.324-2 - cloth, $39.95 
June 240 pages 
0-88730-067-7 cloth, $29.95 


YES! Please send me: 


O Payment enclosed [] Bill me 


Card no. 
Signature 
Send to: 


1 
| 
| 
l 
I 
| 
| 
| 
| 
| 
| 
| 
| 
| 
i 


— Thrifts Under Siege (6630024) $39.95 
——The Loan Pushers (6610323) $29.95 | 
— The Federal Reserve (6613053) $39.95 


Charge my O MC O VISA O AMEX 


Exp. date 


Lip. 


| Prices subject to change. All orders subject to ‘credit approval. U. S. funds only. If you order by phone: 


tell the operator your order code is A A RR ORR 





Postage and handling 


Thee keirin eepe pa Sette be Piven e 


Thrifts Under Siege 
Restoring Order to 
American Banking 


R. Dan Brumbaugh, Jr. 


“The U.S. thrift-industry crisis may 
scon add to the federal budget deficit 
and ultimately lead to higher taxes. — 
Thrifts Under Siege analyzes how 
the crisis developed and how it can 
be resolved at minimum taxpayer 
cost and strain to our financial 
system. The book is also important 
because it develops a long-range 
strategy for thrift and bank regulatory 
reform that is a thoughtful and 
significant contribution.” 


~~ David Stockman 
June : 240 pages 
0-88730-141-X cloth, $39.95 


=3ALLINGER -- 


PUBLISHING COMPANY 


Harper & Row 

Order Department 

2350 Virginia Avenue 
Hagerstown, MD 21740 
(800) 638-3030 


My state sales tax $ 


($2.75 /order)*$ 
*Prepaid orders are postage free! 
TOTAL $ 


| nn | 
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FOR YOUR 
ECONOMICS | 
BOOKSHELF 


THE 
UNIVERSITY 
OF CHICAGO 


. 5801 South Ellis Avenue, 
© - Chicago, IL: 60637 


TRADE POLICY 
ISSUES AND 
EMPIRICAL ANALYSIS 
Edited by Robert E. Baldwin 


Ten papers address, in empirical, 


historical, and institutional 
terms, how policy shapes the 
effect international trade has on 
domestic economies. 


` Cloth $42.00 (est.) 


352 pages lest.) . 
80 tables, 18 line drawings 


| „An NBER Conference Report 


WHEN PUBLIC 

SECTOR WORKERS 
UNIONIZE | 
Edited by Richard B. Freeman 
and Casey Ichniowski 
Contributors to this volume 
examine new data on public 
sector labor laws and on the 
labor relations practices of state 
and local governments. . . 
Cloth $49.00 fest.) 

416 pages test.) 

6 line drawings, 88 tables 
An NBER Project Report 


ECONOMIC THEORY 
AND THE CORE | 
Lester G. Telser 

“Telser provides a new 
conceptual framework, which 
can lead economists to deeper 
insights into old problems, and 
to fresh insights into problems 
that were heretofore badly 
posed.” —E. Roy Weintraub, 
Journal of Economic Literature 
Paper $19.95 432 pages 
Midway Reprint —— 


THE RULES OF THE GAME 
Reform and Evolution in the 
International Monetary System 
Kenneth W. Dam es 
“Anyone interested in the history 
and current operations of the 
international monetary system 
will find much of value here.” 
—Thomas D. Willett, Journal of 
Economic History 


- Paper $16.95 408 pages 


Midway Reprint 


INTERNATIONAL 
ECONOMIC 
COOPERATION 

Edited by Martin Feldstein 
International Economic 
Cooperation makes available the 
proceedings of an NBER 
conference organized to 
investigate efforts to coordinate 
economic: policy among the 
developed nations. 

Paper $17.95 336 pages 

15 line drawings 

Library cloth edition $50.00 
An NBER Conference Report 


. TRADE RELATIONS 
Edited by Robert E. Baldwin, 


Carl B. Hamilton, and 

André Sapir 

These essays by prominent 
North American and European 
trade specialists provide in- 
depth analyses of the economic 
causes of US-EC disputes and 
thorough consideration of the 
various policy options for 


` resolving them. 
‘Cloth = 00 


416 page 
80 tables, 18 line. drawings 
An NBER Conference Report 


CITIES AND 
ECONOMIC DEVELOPMENT 


‘From the Dawn of . 
- History to the Present 


Paul Bairoch- 

Translated by Christopher Braider 

A comprehensive study of the 
evolution of the city and its 
relation to economic life, 
showing how the rise of cities 
crucially depends at firstona - 
community's state of agriculture 
and later on its state of 
industrialization. 

Cloth $49.95 

600 pages 46 tables 
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New 


“In this one small book, protectionism — the major policy issue of our 
time — has been beautifully summed up by Professor Bhagwati for both 
expert and general reader. A ‘tour de force’! — Paul A. Samuelson 


PROTECTIONISM 
Jagdish Bhagwati 


Clear, informative, and witty, Jagdish Bhagwati provides the best available 
prescription for reform in this turbulent area of trade policy. Through an 
appealing combination of text, quotations, cartoons, tables, charts, and graphs, 
Bhagwati identifies the new and powerful interests and ideologies that are 
likely to dominate the outcome of the debate, and offers the prognosis that the 
forces favoring freer trade are more robust and more fundamental than the 
forces of protectionism. | 
Protectionism is based on an inaugural series of Ohlin Lectures given at the 
Stockholm School of Economics in October of 1987. 
Nlustrated $16.95 


FISCAL POLICIES AND THE WORLD ECONOMY P 
An Intertemporal Approach | 
Jacob A. Frenkel and Assaf Razin 


“No serious student of international economics can afford to do without this 
work.” — Rudiger Dornbusch 
$24.00 


ECONOMIC ANALYSIS OF SOLAR THERMAL 
ENERGY SYSTEMS 
edited by Ronald E. West and Frank Kreith 


This book reviews the spectrum of economic methods developed from the mid- 
1970s to the mid-1980s to analyze the feasibility of solar systems, and shows how 
the use of these techniques has influenced federally sponsored research, develop- 


ment, and demonstration programs. 
$45.00 


Now Available in Paperback 


MARKETS FOR POWER 

An Analysis of Electrical Utility Deregulation 

Paul L. Joskow and Richard Schmalensee | 

“This is by far the best treatment of regulatory policy in the electric utility industry. 
The book succeeds in its analysis of deregulation proposals by sticking closely to 
economic principles, and avoiding the tiresome polemics associated with debates 
over competition versus government control.” — Robert Weiner, Journal of Policy 
Analysis and Management 

$9.95 paper ($27.50 cloth) 


The MIT Press 


55 Hayward Street » Cambridge, MA 02142 | 
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ECONOMICS 


JOURNAL OF 

THE JAPANESE AND 
INTERNATIONAL 
ECONOMIES 


Original research devoted to academic analyses of the 
Japanese economy and its interdependence with other 


national economies - 


Editor-in-Chief: Masahiko Aoki 


University of Kyoto and Stanford University 


Editorial Board 


` Michihiro Ohyama Masahiro Okuno-Fujiwara 


Keio University ` University of Tokyo 
Koichi Hamada Takatoshi Ito 
Yale University - - Universiiy of Minnesota 


` Published in Cooperation with the Tokyo Center for Economic Research 
Volume 2 (1988), 4 issues ISSN 0889-1583 In the U.S.A. and Canada: $100.00 All other countries: $112.00 


EXPLORATIONS 


IN ECONOMIC HISTORY . 


` Editor: Larry Neal — 


University of Ilinois, Urbana 


Volume 25 (1988), 4 issues ISSN 0014-4983 
In the U.S.A. and Canada: $98.00 
All other countries: $121.00 


New in 1989. 
GAMES AND ECONOMIC 
‘BEHAVIOR 
Editor: Ehud Kalai 


Northwestern University, Evanston, Illinois 


Manuscripts may be submitted to: 


Games and Economic Behavior 
Department of Managerial Economics 
and Decision Sciences 
Leverone Hall 
Northwestern University 
2001 Sheridan Road 
Evanston, Illinois 60208 





All prices are in U.S. dollars 
and are subject to change without notice. 


JOURNAL OF 
COMPARATIVE ECONOMICS 


| Editor: ‘J osef C. Brada 


Arizona State University, Tempe 


The Journal of the Association 
for Comparative Economic Studies 


Volume 12 (1988), 4 issues ISSN 0147-5967. 


“In the U.S.A. and Canada: $110.00 


All other countries: $132.00 


JOURNAL OF a 
URBAN ECONOMICS 


Editor: Edwin S. Mills 


_ Northwestem University, Evanston, Illinois 
` Volumes 23~24 (1988), 6 issues ISSN 0094-1190 


In the U.S.A. and Canada: $170.00 
All other countries: $206.00 - 


Sample copies and privileged personal rates are available. For more 
information, please refer to no. $8162, indicate the journals that 
interest you, and write or call: 


ACADEMIC PRESS, INC. 
Journal Promotion Department 
1250 Sixth Avenue, San Diego, 

CA 92101, U.S.A. 
(619) 230-1840 $8162. 
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PRINCETON UNIVERSITY PRESS - 


In a remarkably lucid style, Loren Okroi analyzes the ÇAJ B RAITH 
ideas of three leading reformer-critics in the United H ARRINGTON 
? 


States and places their main arguments in the context of 
the economic, social, and political history of postwar HEILBRONER 
America. In so doing, he provides not only a skillful Economics and Dissent 
introduction to American social thought since the 1950s in an Age of Optimism 
but also a.wide-ranging examination of the contemporary l 
failures of American liberal ideology. Loren.J. Okroi 


As he explicates the works of these three men, it becomes 
clear that present policy debates have not even begun to 
resolve the dilemmas their writings have exposed. 


“Okroi has made accessible to nonspecialists the major . 
contentions of three figures whom he identifies as leading 
spokesmen of American democracy cum socialism.... 
Even for someone who has already read most of the books 
in question, Okroi is a useful reference.” 
Robert Lekachman, The City University of New York 
Cloth: $29.50 ISBN 0-691-07771-1 


James Olson contends that the little-studied Recon- SAVING 


struction Finance Corporation was the major New Deal CAPITALISM 


agency, even though it was the product of the Hoover 
Administration. Pouring more than ten billion dollars into The Reconstruction 
private businesses during the 1930s in a strenuous effort Finance Corporation 
to “save capitalism,’ the RFC was the largest, most and the New Deal, 
powerful, and most influential of all New Deal agencies, 1933-1940 | ` D 


proving that the main -thrust of the New Deal was, in fact, Reset aa 
-. state capitalism. James S. Olson 


“Historians long have told us that the New Deal saved 
capitalism, but they are downright fuzzy about what it 
did for the capitalists because most histories omit the 
RFC’s story. Olson’s book tells this story and tells it well.’ 
—Jordan A. Schwartz, Northern Illinois University 
Paper: $30.00 ISBN 0-691-04749-9 


AT YOUR BOOKSTORE OR 


Princeton University Press 


41 WILLIAM ST. © PRINCETON, NJ 08540 © (609: 452-4900 
ORDERS 800-PRS-ISBN (777-4726) 
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AMERICAN ECONOMIC ASSOCIATION 
1988 ANNUAL MEMBERSHIP RATES 


Membership includes: 


—a subscription to The American Economic Review (quarterly) plus Papers and Proceed- 
ings, the Journal of Economic Literature (quarterly) and the Journal of Economic Perspec- 
tives (quarterly). 


@® Regular members with annual in- 


Student status must be certified by 





comes of $30,000 or less.......... $38.50 your major professor or school 
, , registrar ec sie ey cus ya aa ee $19.25 
@® Regular members with annual in- — 
comes above $30,000 but no more @in Countries other than the U'S.A., 
than $40 O00. ss ceiawec Aes ss $46.20 Add $16.00 to cover postage. 
@ Regular members with annual in- @ Family members (persons living at 
comes above $40,000 ........0.... $53.90 the same address as a regular mem- 
ber, additional memberships without 
@ Junior members (available to regis- subscription to the publications of 
tered students for three years only). the Association) ...........0.-.... $7.70 
Please enter my subscription for the following period: 
Q Jan.-Dec. T April-March (J July-June O Oct.-Sept. 
First Name and Initial Last Name Suffix 


_ MAJOR FIELDS (TWO ONLY) 


LIST FIELDS WITH WHICH 

YOU CURRENTEY IDENTIFY. 
SELECT FIELD CODE FROM JEL, 
"Classification System 

tor Books:' i 


Address Line 1 







Address Line 2 


City 


State or Country Zip/Postal Code 


Please type or print information above. Please pay with a check or money order payable 
in United States Dollars. Canadian and foreign payments must be in the form of a draft 
or check drawn on a United States bank payable in United States Dollars. Please note: 
It is the policy of the Association, not to reftund-membership payments. 


Endorsed by. (AEA member) 
Below for Junior Members Only 


| certify that the person named above is enrolled as a.student at — 





Authorized Signature 
PLEASE SEND WITH PAYMENT TO: 


AMERICAN ECONOMIC ASSOCIATION 
1313 21ST AVENUE SOUTH, SUITE 809 
NASHVILLE, TENNESSEE 37212-2786 

| U.S.A. 
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American Economic Association/Federal Reserve System 
Minority Graduate Fellowships 
in Economics 


The American Economic Association and the Federal Reserve System 
are pleased to announce their joint sponsorship of graduate fellowships to 
minority Ph.D. students who have completed their comprehensive examina- 
tions and, if applicable, their field examinations, and are about to begin their 
dissertation research. Awards will be based on academic performance. 


Applicants must be U.S. citizens who are Black, Hispanic or Native 
American and are enrolled in an accredited graduate program in Economics 
in the United States. Preference will be given to applicants whose area of 
concentration is of special interest to the Federal Reserve System (e.g., finan- 
cial markets and monetary policy, nonfinancial macroeconomics, forecast- 
ing, banking markets and financial structure, regional studies, the external 
sector of the U.S. economy, the economies of other countries, foreign ex- 
change markets, and international banking and financial markets). 


A stipend of $700 per month for the academic year and tuition relief by 
the institution nominating the student and verifying successful participation 
in its graduate program in Economics are provided. Recipients will be as- 
signed an adviser from the Federal Reserve System and be given the oppor- 
tunity to work for one summer at the Board or a Federal Reserve Bank. 


Applications are due March 1, 1989 
Awards will be announced early in April 1989 - 


For further information and application materials write: 


Barbara Sears, Registrar 

AEA/FRS Minority Fellowship Program 
Department of Economics 

College of Business and Public AAMIIN SHANON 
University of Arizona 

Tucson, AZ 85721 

(602) 887-5887 


Please mention. THE American Economic Review When Writing to Advertisers 


XXVi 


Le. 





Japan and the World Economy 


International Journal of Theory and Policy 


Published in collaboration with the Center for Japan-U.S. 


Business and Economic Studies 


Volume 1 1988/1989. First i issue is scheduled to appear in 


October 1988. 


Editor: Ryuzo Sato, 
New York University, USA 


Associate Editors 


Hajime Hori 
Tohoku University, Japan 


Takashi Negishi 
University of Tokyo, Japan 


Rama Ramachandran 
(Coordinating Editor) 

Southern Methodist University and 
New York University, USA 


Paul Wachtel 
New York University. USA 


Richard Zeckhauser 
Harvard University, USA 


Aims and Scope 


The increase in Japan's share of international 
trade and financial transactions has had a 
major impact on the world economy in 
general and on the U.S. economy in 
particular. The new economic 
interdependence between Japan and its 
trading partners created a variety of 

- problems and so raised many issues that . 
require further study. 


~e aw è me ve Uh AA i a ee ad 


Japan and the World Economy will publish 
originai research in economics, finance, 
managerial sciences, and marketing that 
express these concerns. 


Japan and the World Economy seeks to meet 
the growing need for comprehensive, 
impartial and scientific study of trade 
imbalance and friction, technological 
competition, internationalization of financial 
markets, exchange rate variation and 
macroeconomic coordination, comparative 
managerial and marketing practices and 
other related topics. 


Contributions are solicited from a 
broadbased, international community of 
scholars. In addition to empirical and policy- 
oriented studies, Japan and, the World 
Economy also welcomes theoretical analysis 
that contributes to an understanding of the 
issues and proposes corrective action. 


North-Holland 


(An Imprint of Elsevier Science Publishers B.V.) 


ad 


Coupon for a free specimen copy of JAPAN AND THE WORLD ECONOMY 


Please send this coupon (or a photocopy) to: 
~- €lsevier Science Publishers 

Attn.: C. Fennes 

P.O. Box 1991, 1002 BZ Amsterdam 

The Netherlands 


Name 


Professional Address 


in the USA and Canada: 

Elsevier Science Publishers 

Atn.: Journal Information Center. 
52 Vanderbilt Avenue 

New York, NY 10017, USA 


NH/ECON/JNUA0003 
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The German Marshall Fund of the United States 


1989 RESEARCH FELLOWSHIP PROGRAM 
The German Marshall Fund of-the United States is a private U.S. grant-making institution. It was established in 1972 
by a gift from the Federal Republic of Germany in appreciation of American post-war recovery assistance.. _ 


Nature of The German Marshall Fund of the United States offers grants for research that seeks to 

Fellowships: improve the understanding of significant contemporary econcmic, political, and social developments 
involving the United States and Western Europe. Projects may focus on either comparative domestic 
or international issues. . 


Applicants: The Fund seeks to assist established U.S. scholars at various stages in their academic careers. 
Younger scholars, who have recently completed their studies are particularly encouraged to 
apply. Applicants must have completed all degree requirements by the time of application, and 
should have Completed one or more research projects which have received critical review. 


Completed applications must be postmarked no later than November 15, 1988. Submissions 
will be reviewed by established scholars from various disciplines. An independent selection 
committee will make recommendations to the Fund. The Fund will announce awards by letter 
on March 15, 1989. , i Son E 


Approximately 12 awards will be made in 1989. 


Application For application forms and additional information, contact 
Forms: The German Marshall Fund of the United States 

11 Dupont Circle, N.W. 

Washington, D.C. 20036 

Tel: (202) 745-3950 


INTERNATIONAL ECONOMIC JOURNAL 








VOLUME2 -SUMMER 1988 ` NUMBER 2 
The Effects of Fiscal Policy in Korea i a Paul Evans 
Effects of Direct Foreign Investment in the Presence of Sector-Specific 

Unemployment Jorge G. Gonzalez 
The Transfer of Programmable Automation Technology to a Rapidly 

Developing Economy: An Initial Assessment Linsu Kim 
Substitution among Currencies: A Preferred Habitat Hypothesis . Jagdish Handa 
Interest Rates and Wage Indexation Wookwan Rhee 
International Loan to Developing Countries as a Risk Sharing Contract Cheol-Joon Kang 
The Algebra of Inflation Accounting ` ` . . James Tybout | 
Exchange Rate Effects on Korea’s Economy Sung Y. Kwack 





International Economic Journal is published quarterly in English by tne Korec International Economic 
Association. The personal subscription price of a volume (which includes postage) is $30.00 per year. The l 
institutional subscription price is $40.00 per year. Cheques should be made payable to the International 
Economic Journal and sent directly to the Managing Editor. (Volume 1 is avaticble.} 

MANUSCRIPTS SUBMITTED (in triplicate) for publication from Asia should be sent to the Managing 
Editor, Professor Wontack Hong, Department of International Economics, College of Social Sciences, Seoul 
University, Seoul 151-742, Korea. Manuscripts from countries outside Asia should be sent to the Co-Editor, 
Professor Young Chin Kim, Department of Economics, Northern Ilinois University, Dekalb, Illinois 60115, 
U.S.A. 
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for your mind. 


But where was he when all youhadonyour sive, motivated sales force. 
mind was an idea demanding attention? Call (513)527-6384. We're eager tohelp. 


At South-Western we respecta goodidea Upfront, where it really counts. 


m 


as much as a finished manuscript. And we'll 


work with you from conception to completion. SOUTHWESTERN 
All along the way, you can make the most NESTE 

of our highly professional, in-house editors. SOUTHWESTERN 

Expert outside reviewers. And our aggres- _COLLEGE DIVISION 
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ECONOMICS 
rinciples and Policy 


Fourth Edition 


| the best selling modern 


principles of economics textbook. 


Available in hardcover, 926 pages, and in . 
two-volume paperbound format: 
MACROECONOMICS, 482 pages. and 
~ MICROECONOMICS, 518 pages. 7 | 
| Full ancillary package available. 
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Coming This Fall 


MICROECONOMICS 
Theory and Applications 
Second Edition 

Fred R. Glahe and Dwight R. Lee 
Hardcover, 550 pages (tent.) 
Available November 1988- 


INTRODUCTORY 
ECONOMETRICS WITH 
APPLICATIONS 

Ramu Ramanathan 


Hardcover, 500 pages (tent.) 
Available October 1988 


COMPARING ECONOMIC 
SYSTEMS 

A Political Economy 
Approach 

Second Edition 

Andrew .Zimbalist, Howard Jay 
Sherman, and Stuart S. Brown 
Hardcover, 480 pages (tent.) 
Available October 1988 


Harcourt Brace Jovanovich, Inc. 
College Sales Office 

7555 Caldwell Avenue ` 

' Chicago, IL 60648 

(312) 647-8822 
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_ Available Now 


ECONOMICS 
Private and Public Choice 
Fourth Edition 

James Gwartney and 

Richard Stroup 

Also available in two-volume format. 


INTERMEDIATE 
MICROECONOMICS 
Robert W. Clower, Phillip E. Graves, 
and Robert L. Sexton 


THE EVOLUTION OF 


ECONOMIC THOUGHT 
Fourth Edition 


Jacob Oser and Stanley L. Brue 


LABOR AND THE 
ECONOMY 

Second Edition 

Howard M. Wachtel 
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The Economic Forecast is 
BASIC 


The Great U-Turn Rendezvous with Reality 
Corporate Restructuring and The American Economy 
_the Polarizing of America after Reagan 
BENNETT HARRISON & BARRY BLUESTONE MURRAY WEIDENBAUM 
$19.95 $19.95 


Memoirs of an Unregulated Economist 
GEORGE J. STIGLER 
Sloan Foundation Science Series 


$17.95 
Liability Social Science 
The Legal Revolution and © in Government 
Its Consequences Uses and Misuses 
PETER W. HUBER RICHARD P. NATHAN 
$19.95 $18.95 
Now in Paperback! 
Bailout Manufacturing Matters 
An insider's Account of The Myth of the 
Bank Failures and Rescues Post-Industrial Economy 
IRVINE S. SPRAGUE STEPHEN S. COHEN & JOHN ZYSMAN 
$9.95 $9.95 | 
The Transformation of Unheard Voices 
American Industrial Relations peor ADE Onm Bone) 
THOMAS KOCHAN, HARRY KATZ, in a Competitive World 
& ROBERT MCKERSIE ene 
$11.95 $9.95 


New Text Editions 


Open Economy Principles of Money, Banking, 
Macroeconomics and Financial Markets 
Second Edition Sixth Edition 
RUDIGER DORNBUSCH LAWRENCE S. RITTER & WILLIAM L. SILBER 
$24.95 $36.95 


At your bookstore or direct from the publisher at 1-800-638-3030. 
Major credit cards accepted. Libraries and institutions call 1-800-242-7737. 


Want BASIC BOOKS, INC. 10E. 53rd Sc, New York 10022 
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` ECRS DIRECTORY OF UNPUBLISHED 
RESEARCH - BUSINESS & ECONOMICS 
BASE VOLUME 


_A UNIQUE AND INVALUABLE SOURCE OF RESEARCH, 
DATA, INFORMATION, AND IDEAS. 


Indexes over 43,000 unpublished works such as working / discussion / 
technical / seminar papers and many other types of research in all areas of 
business and economics, from the USA and abroad. 


The DIRECTORY indexes: (a) author, (b) title, (c) affiliation, (d) L.D. #, (e) 
year, (f type (g) subject category. It is Organized by subject. 


Dimensions - 2,000 pages; 143 subject areas; 650 institutional sources; up 
to 20 years; 160 work types; USA and world-wide; 9*x12"x3. 


143 subject areas on a cross-section of theory, institutions and applications 
in micro/macro economics, policy, accounting, finance, marketing, O.R., 
engineering, law, applied math, stats, credit, econometrics, regulation, R&D, 
industry/country studies, monetary/fiscal topics, political economy, history, 

- agriculture, bibliographies, computers, education, demography, insurance, 
women, poverty, pension, socialism, minorities, environment, energy, and 
many, many more (request complete list on your letter-head). 


The number of institutions and individuals registering research on an ever 
increasing range of topics with ECRS is steadily rising. SUPPLEMENTS, 
with some 10,000 additional items, will be made available to registered BASE 
VOLUME purchasers at a fraction of the current price. The BASE 
VOLUME will remain the only comprehensive cummulative source. 


Price: $128, plus $11 for UPS and handling. AEA member discount: 50%. 
Payment must accompany orders. Make checks payable to "ECRS, INC." 


Address orders and other correspondence to: 
ECONOMIC CONSULTING & RESEARCH SYSTEMS - ECRS INC 
_ 200 Park Ave - P.O. Box 1278 © 
New York, NY 10163-1278 
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New from 
Cambridge University Press 


\ 


Horizontalists and Verticalists 

The Macroeconomics of Credit Money 

Basil J. Moore 

Challenging the validity of much of mainstream macroeconomics, Basil Moore argues that the 
money supply in modern economies is not under the control of central banks, but rather is 
determined by borrower demand for bank credit. He then explores the implications of this 


perception for conventional macroeconomic theory. 
About $44.50 


The Underground Economies 

Edgar L. Feige 

The essays in this volume examine the problems of defining, measuring and understanding the 
implications of the “underground economies” that are surmised to have emerged in many of 
the world’s developed nations. 

About $39.50 


Evolutionary Economics 
Applications of Schumpeter’s Ideas 


Horst Hanusch, Editor 

This volume contains eleven papers given at the 1986 founding meeting of the International 
Joseph A. Schumpeter Society in Augsburg. The essays raise new questions and offer additional 
statistical evidence to further stimulate interest and discussion about the kinds of intuitive 
ideas that Schumpeter introduced in his seminal period before World War I. 

About $44.50 


The Shapley Value 
Essays in Honor of Lloyd S. Shapley 


Alvin E. Roth, Editor 

Composed in honor of the 65th birthday of Lloyd Shapley, this volume makes accessible the 
large body of work that has grown out of Shapley’s seminal 1953 paper. Each of the twenty 
essays concerns some aspect ag the Shapley value. 

About $44.50 


Government Policy Towards Industry in 


the United States and Japan 
. Jobn B. Shoven, Editor 
` The essays contained in this volume represent state-of-the-art thinking on many important 


issues relating to government policies in the Japanese and Americar: economies. 
About $42.50 
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_ The Popperian Legacy in Economics 

Papers Presented at a Symposium in Amsterdam, December 1985 

Neil de Marchi, Editor ` : 

This volume is the first to examine just why, and in what context, Sir Karl Popper's view that 
science can only comprise efforts to refute empirical Epon has found appeal among 


economists. 
$3 7.50 


Equilibrium Business ae Theory i in 


Historical Perspective 

Kyun Kim 

This book presents a historical investigation of the theoretical ARAT of contemporary 
Equilibrium Business Cycle Theory (EBCT). The author examines the central features of the 

` EBCT by tracing both the history of business cycle theory and the history of econometrics. 
Historical Perspectives on Modern Economics 

About $34.50 


The Mobility of Labor and Capital | 
| A Study in International Investment and Labor Flow 
Saskia Sassen 

..probably the best book in the field that I have knowledge of in many years. Professor 
Sassen is one of the most innovative researchers in the area of urban political economy.” 
Manuel Castells, University of California, Berkeley . 

..an intelligent combination of theorizing and relevant data which is the mark of a good 
book. a 
—Immaniiel. Wallerstein, State Daiverity of Ne ew York, Binghamton 
$34.50 


Economics in Urban Conservation 
Nathaniel Lichfield 


The role of economics in urban conservation is still relatively underdeveloped. ‘This innovative 
and important study examines the approach,. method, and techniques for the eee 
application of economics in me conservation of urban areas. 

About $49.50 


Conceptual Anomalies in Economics and Statistics 

Lessons- from the Social Experiment 

Leland Gerson Neuberg 

This book explores anomalies in the conceptual basis of social control experiments and in the 
foundation of statistics and economics. The author concludes that social control experiments 


are a frequently overrated tool for social policy improvements. 
About dii 50 


At bookstores or order from 


Cambridge University dara 
32 East 57th Street, NY, NY 10022 
` Cambridge toll-free numbers for orders only: 
es E + 800-872. 7423, outside NY State, 800-227-0247, = 
* ee ee SS AY State ony MasterCard and Visa es, re, a ge 
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Agricultural Development Principles 
Economic Theory and Empirical Evidence ` 
Robert D. Stevens and Cathy L. Jabara 


What are the food and agricultural development problems facing third world nations! Does 
current economic theory help accelerate development? Does it foster useful development 
policies? The authors address these and other questions to provide a wide-ranging and 
thorough introduction to the theories, policies, and practices aimed at increasing food and 
agricultural production. 


$45.00 hardcover $17.50 paperback 


Food Subsidies in Developing Countries 
Costs, Benefits, and Policy Options 
edited by Per Pinstrup-Andersen 


Nineteen leading economists, nutritionists, and policy analysts present key findings from the 
International Food Policy Research Institute, synthesizing practical experiences with subsidy 
programs in countries throughout Asia, Africa, and Latin America. The authors emphasize 
lessons applicable to decisionmaking on current and future food policy for developing 
countries. 

Published for the International Food Policy Research Institute 

$39.50 hardcover 


Land Policies and. Farm Productivity in Thailand 


Gershon Feder, Tongroj Onchan, Yongyuth Chalamwong, 
and Chira Hongladarom 


How does security of land ownership affect the behavior and performance of farmers in 
developing countries? Based on data gathered in Thailand, this book presents an econometric 
analysis of investment patterns and of differences in productivity between farmers with ‘and 
without secure ownership. The results provide a frame of reference applicable to other 
developing countries as well. 


Published for the World Bank 
$18.50 hardcover 


Analytical Tools for Sector Work i in Education 


Alain Mingat and Jee-Peng Tan 

In this book, the first of its kind, Alain Mingat and Jee-Peng Tan provide analytical methods 
and arguments to help evaluate current educational policies in developing countries, identify 
weaknesses in the education system, and assess alternative strategies for overcoming them. 
They have written a practical guide for analytical work that meets an urgent need among 
educational policy makers, planners, and researchers. 

Published for the World Bank 

$25.00 hardcover 


J THE JOHNS HOPKINS UNIVERSITY PRESS 





701 West 40th Street, Suite 275, Baltimore, Maryland 21211 
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IVE 5.0 


LEAP. TO THE ECONOMETRIC FRONTIER 
aun n FAST, FRIENDLY, POWERFUL AND INTERACTIVE 
» MODULAR-SYSTEM — ` 
for Analysing Economic Time- Series 


Ideal for TEACHING and STUDENT USE yet ` ideal for ADVANCED RESEARCH 


MENU DRIVEN WITH A BUILT-IN HELP SYSTEM 
DETAILED SELF-TEACHING TUTORIALS 
_ CLEAR AND COMPREHENSIVE MANUALS 


SUPERB GRAPHICS 
(Crossplots; Time Series; 
Densities + Histograms) 

EASY MODEL FORMULATION 
EXCELLENT SCREEN PRESENTATIONS 
RESULTS REVIEWS | 
HIGH LEVEL OF ERROR PROTECTION 
SIMPLE FILE HANDLING + DOS ACCESS 
DATABANK FACILITIES 


LEAST SQUARES AND INSTRUMENTAL VARIABLES 
RECURSIVE ESTIMATION AND TESTING 


AUTOMATIC GRAPHING OF OUTPUT 
(Recursive estimates + standard errors and Tests; Forecasts) 


INTERACTIVE LINEAR SYSTEM MODELLING 
(2SLS, 3SLS, LIVE, FIVE, FIML + RECURSIVE VAR) 


PREPROGRAMMED DIAGNOSTIC TESTS: 
{Autocorrelation:; Constancy; Normality; Reset; 
Heteroscedasticity; Omitted Variables; ARCH) 


DERIVED STATISTICS + IDENTIFICATION CHECKS 
COMFAC AND ENCOMPASSING TESTS 
FAST AND ACCURATE ALGORITHMS 





EASY TO LEARN AND EASY TO USE yet = POWERFUL AND THOROUGH ECONOMETRIC 
E ae : MODELLING 


DEVELOPED FOR LIVE CLASSROOM DEMONSTRATIONS AND 
FRAUGHT LATE NIGHT RESEARCH! 


PC-GIVE 5.0 COSTS: 


SINGLE copies $380 
(50% Discount Available for 


: PC-GIVE 5.0 NEEDS: 
IBM* PC/AT or Compatible 


512K RAM: 2 Disk Drives and 
Graphics Card (CGA, HGC) 
[FIML needs 640K] 

Math Co-processor adanumanded 


Accredited Academics) 


-SITE LICENCES ONLY 
(Unlimited copie) $900 





PC-GIVE is already standard at over 250 sites worldwide. 
FOR FURTHER INFORMATION AND A PC-GIVE OVERVIEW, CONTACT: 
PROFESSOR DAVID F. HENDRY — 
OXFORD INSTITUTE OF ECONOMICS AND STATISTICS 
OXFORD OX1 3UL, ENGLAND 
or call GILLIAN COATES on 0144 865-271088 


*1BM is a Trade Mark of International Business Machines Corporation. 
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Journal of International — 
Economic Integration 


Solicits Papers to Compete for the 
- Annual Daeyang Prize in Economics. ($7,000) 
and. Welcomes Subscriptions by Interested Parties 


Current issues include 


Bela Balassa, Japanese Trade Policies 


Towards Developing Countries. 


Basant: K. Kapur, 
Response to a Terms of Trade Shock in 
a Growth Context. 


Norman C. Miller, A Gerneral Approach 
-. fo the Balance of Payments and Exchange 
‘ Rates. 


Leonard F.S. Wang, Product Market 
imperfections and Customs Unions theory. 


Gene M. Grossman, The Employment and 
Wage Effects of Import Competition in 
‘the United States. 


Wilfred J. Ethier and Ronaid D. Fischer, 
The New Protectionism 


Joshua Aizenman, /nflation, Tariffs and 
Tax Enforcement Costs 


Chung H. Lee and Seiji Naya, The 
internationalization of U.S. Service 
Industries and Its implications for 
Reve Countries. 


`- Open-Economy ` 


The Journal of International Economic Integration is published biannually (Spring 
and Autumn) by the Institute for International Economics, King Sejong University, 
Seoul, Korea. 

The purpose of the Journal is to support and encourage research in the area 
of international trade, international finance and other related economic issues 
that include general professional interest in international economic affairs. 
Welcoming both theoretical and empirical analyses in international economics, 
the Journal is strongly interested in the issues of the international economic 
cooperation. 


e The Journal welcomes unsolicited manuscripts, which will be considered for 
publication by the Editorial Board. 

s From papers selected for publication, the Prize committee will choose the best 
manuscript(s) to receive the $7,000 Daeyang Prize. The: winner of the prize 
is announced in the Spring issue every year. 

* The manuscripts should be accompanied by an abstract of no more than 100 
words and a brief curriculum vitae containing the author’s acadernic career. 
All submissions should be typewritten, double-spaced, in English with footnotes, 
references, figures, tables and any other illustrative material on separate sheets.’ 

e Three copies of the manuscript and all accompanying material should be | 
submitted to the following address by October 31, 1988 for consideration for _ 
1989 publication. 

e For subscriptions to the Journal ($23 per year for individuals, $30 per year - 
for institutions), send a check or morey order payabie to King Sejong University 
to the following address. 


Institute for International Economics 
King Sejong University 
-Seongdong-Ku, Seoul, Korea 
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The Frank E. Seidman 
Distinguished Award in Political Economy 
7 and 
Rhodes College 
are pleased to announce 


the Recipient of the 1988 Award 


Robert Triffin 
Institut de Recherches Economiques, Service 
de Conjuncture, Universite Catholique de Louvain, Belgium 


The Award recognizes an economist who has made a unique contribution to the 
interdisciplinary advancement of economic thought as it applies to the implemen- 
tation of public policy. Professor Triffin will receive the Award’s $15,000.00 
honorarium at the annual banquet in Memphis, Tennessee on September 15, 1988. 


h 


Previous recipients: 


1974 Gunnar Karl Myrdal 1981 Richard A. Musgrave 

1975 John Kenneth Galbraith 1982 Janos Kornai 

1976 Kenneth Ewart Boulding 1983 Robert M. Solow 

1977 Thomas Cromble Schelling 1984 James M. Buchanan 

1978 Arthur Frank Burns 1985 Gary Stanley Becker 
-1979 Arthur M. Okun 1986 Amartya Kumar Sen 

1980 Albert O. Hirschman - 1987 William J. Baumol 


Members of the 1988 Selection Committee: 


James Buchanan 
Irving Kristol 
G. Randolph Rice 
Robert M. Solow 


James Tobin 


The Award is administered by a nine-member Board of Trustees comprised ofeminent 
economists, members of the donor family, and officers and faculty of Rhodes College, 
Memphis, Tennessee. Director of the Award is Mel G. Grinspan. 





fod 


Tens a a 


_Now you can run most routines at or near the capacity of your hardware. 


=" 





From Bell Labs to CalTech, m re and applications, documented in the 
scientists and engineers have found-GAUSS updated 2.0 manual. All this for the total price 
can help them solve problems with their PCs* of just $395. So don't waste another minute 
that would take them | running at half speed, 

_hours longer wth con- | 90 x 90. Double P recision, Matrix Multiply | order GAUSS 2.0 
ventional languages. ' today., 
And not only does We’re so sure 
GAUSS run fast, it’s GAUSS will make 
easier to program you more productive, 
because its language is giving you more an- 
closer to mathematical 


swers to more quesft’ 

tions more quickly. 

that we guarantee if 
If you are not 


syntax. GAUSS allows 
you to-easily enter 
your own ideas even if 
you are not a program- 
mer and saves time by Microsoft C "Ryan McFarland 
including over 250 and flexibility of 
mathematical routines. Youc can even call your ` |. GAUSS simply return it for a full refund. No 





favorite Fortran, C or assembler subroutines. . |. questions asked. Call (206) 631-6679 to order. 
Now GAUSS 2.0, the second generation of ’ GAUSS - faster, easier, smarter. „guaranteed. 

the new breed of matrix handling programming E - BE 

languages is available, with indexed, easier-to- E 


use documentation, on-line debugger and 
Smart™ on-line help that can even handle your 
own functions. And GAUSS 2.0 is faster, up to 
20% on some calculations, compared tọ our 
previous versions. 

The GAUSS system includés süblicaion 
quality graphics and a library of mathematical 


' GAUSS 20. 


a a) 
FOR I8M:PC-XT-AT-PS2_& COMPATIBLES 
WITH MATH COPROCESSOR ° 


_ BY. APTECH SYSTEMS, INC. 
26250 - 196th Place SE 
Kent Washington 98042 
Phone (206) 631-6679 
FAX (206) 630-1220 
CALL OR WRITE FOR FREE BROCHURE 





IBM S A RE GISTERED TRADEMARK OF INTERNATIONAL BUSINESS MACHINES _ 
ALL TESTS HON DALAN ICM maces 16 MHE: 


= er v mmama o o lee iiir ai 


completely satisfied "® 
Version 5.4 Fortran 2.43 ° Version 2.0 -with the power, speed © 














The American 
Economic Review 


” Ean k + - 
‘ ` y ‘ ae, eee ` A + . 
acant ey = eye ' iad at d 
réas‘ Ar - 
J s TeS Yig è 
S AIE a ge E ' : . 


mM roh 


ae. å 
ka 


| “KENNETH HENDRICKS AND ROBERT. H. "PORTER - 
| ms ‘An Empirical Study: of an. Auction’ with 
f / 7s Asymmetric Information. . ye 
-STUART E. THIEL. Some Evidence on, the. Wikner S Curse: 
ROBERT GIBBONS: oe _ 
, aden Learningii in, Ehuitibřium, Moidels of Atbitration 
"SEVERIN BORENSTEIN AND MARTIN B..ZIMMERMAN --. - E 
-Market Incentives. tor Safe Commercial Airline Operation. 


OB. PETER: 'PASHIGIAN 
oth _ = .” Demand Uncértainty ‘and Sales: 
A Study of. one and Markdown Pricing , 
ROBERT E. MARTIN ` = 
Franchising and Risk Management 
ROBERT S. PINDYCK . 
Irreversible iivet Capacity. Choice, 
and the Value of the Firm — 
TRACY R. LEWIS AND DAVID E. M. SAPPINGTON > - paa 
Regulating a Monopolist with. Unknown Demand. exces er 
LAURENCE BALL AND STEPHEN G. CECCHETTI ) 
Imperfect een and Staggered Price Setting 
: CHARLES L. BALLARD. 
a The Marginal Efficiency Cost of Redistribution 
B. DOUGLAS BERNHEIM AND ODED STARK -` 
_ Altruism within the Family Reconsidered: . 
Do Nice Guys Finish Last? l 


RICHARD ARNOTT, ARTHUR J. HOSIOS, AND JOSEPH STIGLITZ: = i 
ae Contracts, Labor Nonny: arid | Ueploymént 


7 ,f ae 

mrk * 
~ oR 
. 


i 


— TN I i a A || tee “tm iH 


{ 


"g 
- 


` > , ` 
4 


SHORTER PAPERS: M. D. Shapiro; L. Jonung and. ` 'D. Laidlére H L Grossman ‘and | : 
J. B. Van Huyck; B. W. Bateman; D. M. Cutler; T. Downs and H. ‘Tehranian; S. „Layson; 
C. d’Aspremont and A. Jacquemin; J. B. De Long; W. J. Baumol and E. N. Wolff; Jd. pea Jr; 
WwW: G. Dewald, J. G. Thursby, and R: G. ‘Anderson; C. Pitchik ‘and A; Schotter.” ee oF 


- i 


a 1988 





THE AMERICAN ECONOMIC ASSOCIATION 


ePrinted at Banta Company, Menasha, 
Wisconsin. 


e Copyright © American Economic Associa- 
tion 1988. All rights reserved. 


è No responsibility for the views expressed 
by authors in this Review is assumed by the 
editors or the publishers, The American 
Economic Association. ‘ 


Correspondence relating to advertising, 
business matters, permissions to quote, sub- 
scriptions, and changes of address; should 
be sent to the American Economic Associa- 
tion, 1313 21st Avenue South, Suite 809, 
Nashville, TN 37212-2786. Please remit 
membership payment with the application 
included elsewhere in this journal. Change 
of address notice must be received at least 
six (6) weeks prior to the publication month. 
A membership or subscription paid twice is 
. automatically extended for an additional 
year unless otherwise requested. 


THE AMERICAN ECONOMIC REVIEW 


(ISSN 0002-8282), December 1988, Vol. 78,. 


No. 5, is published five times a year (March, 
May, June, September, December) by 
the American Economic Association, 1313 
21st Avenue South, Suite 809, Nashville, 
TN 37212-2786. Annual subscription fees: 
Institutional subscriber-$125.00, Individual 
subscriber-$72.00, Regular members-$42.00, 
$50.40, or $58.80 depending on income. A 
subscription also includes the Journal of 
Economic Literature and the Journal of Eco- 
“ nomic Perspectives. In countries other than 
the U.S.A., add $16.00 for extra postage. 
Second-class postage paid at Nashville, TN 
and at additional mailing offices. POST- 
MASTER: Send address changes to the 
American Economic Review, 1313 2ist Ave- 
nue South, Suite 809, Nashville, TN 37212- 
2786. e 





Founded in 1885 
Officers > 


President E 
ROBERT EISNER 
Northwestern. University ` 


-d 


President-elect 
JOSEPH A. PECHMAN 
The Brookings Institution 


Vice-Presidents 
MARTIN S. FELDSTEIN 
' National Bureau of Economic Research 
. and Harvard University 
F. M. SCHERER 
Swarthmore College 


Secretary-Treasurer 
C. ELTON HINSHAW 
Vanderbilt University “= 


Editor of The American Economic Review 
ORLEY C. ASHENFELTER 
Princeton University 


Editor of The Journal of Economic Literature 
JOHN PENCAVEL 
Stanford University 


Editor of The Journal of Economic Perspectives 
JOSEPH. E. STIGLITZ 
Stanford University 


Executive Committee 


Elected Members of the Executive Committee x 
SHERWIN ROSEN | 
University of Chicago 
THOMAS J. SARGENT 
University of Minnesota 
ROBERT J. BARRO 
Harvard University 
JUDITH A. THORNTON 
University of Washington 
GEORGE A. AKERLOF 
University of California-Berkeley 
ISABEL V. SAWHILL 
Urban Institute 


EX OFFICIO Members 
ALICE M. RIVLIN 
The Brookings Institution 
GARY S. BECKER 
University of Chicago 











ORLEY ASHENFELTER 


Co-Editors 


ROBERT H. HAVEMAN 


BENNETT T. McCALLUM 
HAL R. VARIAN ~- 


Production Editor 
CLAIRE H. COMISKEY 


Board of -Editors 


GEORGE A. AKERLOF 
JAMES E. ANDERSON 
CLAUDIA D. GOLDIN 

JO ANNA GRAY 
GEORGE E. JOHNSON 
KENNETH L. JUDD 
JOHN F. KENNAN 
MAURICE OBSTFELD 
EDGAR O. OLSEN 
ROBERT H. PORTER 
JOHN G. RILEY 
RICHARD ROLL 

ALVIN E. ROTH 

DAVID E. M. SAPPINGTON 
KENNETH J. SINGLETON 
ROBERT S. SMITH 
BARBARA J. SPENCER 
RICHARD TRESCH 
LESLIE YOUNG 


eSubmit manuscripts (4 copies), 50 pages 
maximum, single-sided, double-spaced, to: 

Orley Ashenfelter, Editor, AER; 209 Nas- 
sau Street, Princeton, NJ 08542-4607. 


ə Submission fee: $50 for members; $100 for 
nonmembers, Please pay with a check or 
money order payable in United States Dol- 
lars. Canadian and Foreign payments must 
be in the form of a draft or check drawn on 
a United States bank payable in United 


States Dollars. Style guides will be provided — 


upon request. 


Copyright © American Economic Associa- 
tion 1988. All rights reserved. 


December 1988 
VOLUME 78, NUMBER 5 


Articles 


An Empirical Study of an Auction with Asym- 
metric Information - ‘Kenneth Hendricks 
and Robert H. Porter 


Some Evidence on the Winner’ s Curse 
| ‘Stuart E. Thiel 


Learning in ‘Equilibrium Models: ‘of ‘Arbitration 
- Robert Gibbons 


Market incentives for Safe Commer Airline 
Operation Severin Borenstein 
7 . and Martin B. Zimmerman 


Demand Urni and Sales: A Study of Fash- » 


ion and Markdown Pricing 
' B. Peter a 


Franchising and Risk Manassiieit | 
Robert E. Martin 


Irreversible Investment, Capacity Choice, and the 


Value of the Firm Robert S. Pindyck 
Regulating a Monopolist with Unknown Demand 
Tracy R. Lewis and David E. M. Sappington 


Imperfect Information and Staggered Price Set- 
ting Laurence Ball and Stephen G. Cecchetti 


The Marginal Efficiency Cost of Redistribution 
Charles L. Ballard 


Altruism within the Family Reconsidered: Do 
Nice Guys Finish Last? 
B. Douglas Bernheim and Oded Stark 


Implicit Contracts, Labor Mobility, and Unem- 
ployment 

Richard Arnott, Arthur J. Hosios, 

and Joseph Stiglitz 


THE AMERICAN ECONOMIC REVIEW 


Editor 


865 


884 


"896 


913 


936 
954" 
969 
986 
999 


1019 | 


1034 


1046 


) 
l 
ł 
ł 


Shorter Papers | l 


The Stabilization of the United States Economy: Evidence from the Stock Market 
Matthew D. Shapiro 
Are Perceptions of lafiadon Ratiorial? Some Evidence from Sweden 
Lars Jonung and David Laidler 
Sovereign Debt as a Contingent Claim: Excusable Default, Repudiation, and Reputation 
Herschel I. Grossman and J ohn: B. Van Huyck 
G. E. Moore and J. M. Keynes: A Missing Chapter in the History: of the Expected: 
Utility Model Bradley. W. Bateman 
Tax Reform and the Stock Market: An Asset Price Approach | David M. Cutler 
Predicting Stock Price Responses to Tax Policy Changes . 
Thomas Downs and Hassan Tehranian 
Third-Degree Price Discrimination: Welfare and Profits: A Geometrical Analysis ` 
| v Stephen Layson 
a and Noricooperative R&D in Duopoly with Spillovers | 
Claude d’ Aspremont and URR Jacquemin 
Productivity Growth, Convergence, and. Welfare: 


Comment J, Bradford De Long: 

Reply William J. Baumol and Edward N. Wolff 
Replication in Empirical Economies: The Journal of Money, Credit and Banking Project: 

Comment : J ohn J. Merrick, Jr. 

Reply William G. Dewalt J erry G. Bae and Richard G. Anderson 
Erratum 


Honesty in a Model of Strategic infomation Transmission: Correction 
Carolyn Pitchik and Andrew Sica 


1067 
1080 
1088. 


1098 
1107 


1118 
1131 
1133 


1138 
1155 


1160 
1162 


1164 


| ; 
The following Statement of Ownership, Mánagement, and Circulation is provided in accordance with the 
requirements, as contained in 39 U.S. Code 3685. The American Economic Review is owned, managed, and published 
by the American Economic Association, a nonprofit scientific organization, located at 1313 21st Avenue South, Suite 
809, Nashville, Davidson County, Tennessee 37212-2786. The Editor is Professor Orley Ashenfelter, American 
Economic Review, 209 Nassau Street, Princeton, NJ 08542-4607. During the preceding 12 months the average 
number of copies printed for each issue was 27,900, the average paid circulation, 24,328: the average free distribution, 
429; the average number of copies distributed, 24,757. Corresponding figures for the last isssue before filing: 28,000 
total number copies printed; 24,956 total paid circulation; 433 free copies distributed; 25,389 total distribution. 





An Empirical Study of an Auction with Asymmetric Information 


By KENNETH HENDRICKS AND ROBERT H. PORTER* 


This paper examines federal auctions for drainage leases on the Outer Continen- 
tal Shelf from 1959 to 1969. These are leases which are adjacent to tracts on 
which a deposit has been discovered. We find that the data suggest that neighbor 
firms are better informed about thé value of a lease than non-neighbor firms, that 
neighbor firms coordinate their bidding decisions, and that both types of firms bid 
strategically in accordance with the Bayesian-Nash equilibrium. 


Since the seminal work of Robert Wilson 
(1967, 1977), auction theory has recognized 
that auctions in which information about.the 
value of the object being sold is symmetri- 


cally distributed among participants are 


qualitatively different from those in which 
information is asymmetrically distributed. In 
the context of a common value auction, in- 
formation is said to be asymmetric if the 
precisions of the signals observed vary across 
the participants. A polar case is an auction 
in which one agent has (exact) private in- 
formation about the value of the object, 
and others have access only to (noisy) 
public information. The theoretical work 
by M. Weverbergh (1979) and Richard 
Engelbrecht-Wiggans, Paul Milgrom, . and 
Robert Weber (1983) that followed Wilson’s 
articles has focused on this case, and pro- 


‘vided a general characterization of Bayesian 


Nash equilibria. The purpose of this paper is 


‘to adapt this theory to the institutional 


framework of a particular auction, the federal 
offshore oil and gas drainage lease sales, in 


*Hendricks: Department of Economics, University 
of British Columbia, B.C. V6T 1Y2. Porter: Depart- 
ment of Economics, Northwestern University, Evan- 
ston, IL 60208. This research was funded by the Na- 
tional Science Foundation under grant nos. SES-8511068 
and SES-8721231. We are indebted to Harry Paarsch 
and Richard Spady for advice, and to Michael Riordan 
for helpful discussions. Much of this research was con- 
ducted while Hendricks was visiting the Hoover Institu- 
tion and Porter was at Bell Communications Research. 
An earlier version of this paper was presented at the 
1987 North American Summer meetings of the Econo- 
metric Society at Berkeley, and at a number of universi- 
ties. We are grateful to the participants in these ses- 


r _ sions, and to the referees for their comments. 


which information is asymmetric, and .to 
confront the predictions of this theory with 
field data. A virtue of our data set is that it is 
possible to identify agents with superior in- 
formation, and indeed to quantify the infor- 
mation available to them and to the other, 
relatively less informed agents. 

A drainage sale consists of the simulta- 
neous auction of tracts which are adjacent to 
tracts on which deposits have been dis- 
covered. By contrast, a wildcat sale consists 
of tracts in areas that have not been drilled, 
and on which firms are permitted to acquire 
only seismic information. Bidding and drill- 
ing behavior, and ex post returns, differ sig- 
nificantly on these two types of tracts. Table 
1 gives selected statistics on the sample of 
wildcat and drainage tracts off the coasts of 
Louisiana and Texas that were sold by the 
federal government during the period 1954 
to 1969. The figures are based on bidding, 
drilling, and production data which the 
federal government provides on each tract, 
and on the annual survey of drilling costs 
conducted by the American Petroleum In- 
stitute. All dollar figures are in millions of 
1972 dollars. Tract value is the estimated 
ex post present value of revenues minus 
drilling costs. Net profit is estimated tract 
value minus the discounted royalty and 
bonus payments made by the winning firm. 
The numbers in parentheses are standard 
deviations of the sample means. 

Table 1 reveals several striking facts about 
the sample. The fractions of drainage tracts 


drilled, and which contained oil, were sub- 
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stantially higher than those of wildcat tracts. 
The average value of..drainage tracts was 
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TABLE 1 -SELECTED STATISTICS ON WILDCAT 
AND DRAINAGE TRACTS? 


Wildcat Drainage 
Number of Tracts 1056 144 


Number of Tracts Drilled 748 124 
Number of Productive Tracts 385 ~ 86 
Average Winning Bid 2.67 5.76 
(0.18) (1.07) 
Average Net Profits 1.22 4.63 


(0.50) (1.59) 


Average Tract Value 5.21 13:51 


(0.64) (2.84) 


Average Number of Bidders 3.46 2.73 


“Source: Kenneth Hendricks, Robert Porter, and 
Bryan Boudreau (1987). Dollar figures are in millions of 
$1972. The numbers in parentheses are standard devia- 
tions of the sample means. 


more than twice the average value of wildcat 


tracts. Yet, there was less competition, and ` 


profit was roughly four times higher on 
drainage tracts than on wildcat tracts. The 
profit differential was even greater when 
measured in dollars per acre, since drainage 
tracts were typically half the size of wildcat 
tracts.! The government captured 77 percent 
of the value of wildcat tracts, but only 66 
percent of the value of drainage tracts. Thus, 
even though drainage tracts were lower risk 
investments and yielded a significantly higher 
rate of return, firms were less likely to par- 
ticipate in these auctions. What can explain 
these facts? 

The main difference between wildcat and 
drainage auctions is the distribution of infor- 
mation. Information in a wildcat auction is 
essentially symmetric, since the precision of 
seismic survey information is not likely to 
vary much across firms. This is not true in 
drainage auctions. Firms which own neigh- 
bor tracts obtain information about the 
drainage tract from their. drilling activities 
on adjacent tracts. Non-neighbor firms de- 
rive their information from private seismic 
surveys, and observable production on ad- 
jacent tracts. The latter sources of informa- 


lWalter Mead et al. (1984) obtain similar results, in 
that the internal rates of return they calculate are higher 
on drainage tracts. They also note that these returns are 
higher for firms owning neighbor tracts. 


DECEMBER 1988 


tion are imperfect substitutes for the infor- 
mation that on-site drilling on adjacent tracts 
can reveal. Consequently, neighbor firms are 
likely to be better informed than non- 
neighbor firms, which, if true, would give 
them an advantage in bidding against the 
latter. Non-neighbor firms would have to bid 
cautiously, if at all, since they would have to 
worry that their bids will win only if the 
neighbors’ estimate is low. (This affliction is 
often called the “Winner’s Curse.”) | 

We find that the data strongly support this 
hypothesis. Conditional on publicly avail- 
able information, the participation and bid- 
ding decisions of neighbor firms are signifi- 
cantly better predictors of tract profitability 
than the participation and bidding decisions 
of non-neighbor firms, Neighbor firms won 
most of the profitable drainage tracts, and 
their average share of the value of drainage 
tracts is about 44 percent. By contrast, non- 
neighbor firms earned approximately zero 
profits. 

A naive theory of, bidding in a drainage 
auction with one neighbor firm might predict 
that non-neighbor firms will not bid, on the 
grounds that they can never make money 
against a better-informed neighbor firm. 
However, such reasoning requires firms to 
hold incorrect beliefs about the bidding be- 
havior of their rivals: If non-neighbor firms 
choose not to participate, and the neighbor 
firm correctly anticipates this strategy, its 
optimal response is to bid the reservation 
price when it is worthwhile. But, in that case, 
the non-neighbor can bid slightly more, win 
the auction, and earn positive profits on 
average. Thus, for the firms’ behavior to be 
consistent with an equilibrium model of bid- 
ding, non-neighbor firms must behave stra- 
tegically, and participate in such a manner 
that the neighbor firm is forced to consider 
the possibility that it, will lose the tract if it 
bids too low. 

We find that the data are consistent with 
the predictions of the Bayesian Nash equi- 
librium model of bidding in first-price, sealed 
bid auction with asymmetric information. 
Non-neighbor firms were relatively cautious 
in their bidding, but at least one non-neigh- 
bor firm bid in 69 percent of the auctions. 
The number of non-neighbor bids was more 
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than twice that of neighbor bids, but neigh- 
bor firms won well over one-half of the 
drainage tracts on which they bid. Average 
net profits to non-neighbor firms were sig- 
nificantly negative on the set of tracts where 
no neighbor firm bid, and positive on the set 
of tracts where a neighbor firm bid. As men- 
tioned earlier, average net profits of non- 
neighbor firms were approximately zero. We 
also find that the restrictions which equi- 
librium imposes on the joint distribution of 
neighbor and non-neighbor bids conditional 
on tract profitability and publicly available 
information are not rejected by the data. 

The strong support for the asymmetric 
information model with one informed bidder 
was somewhat surprising, since approxi- 
mately two-thirds of. the sample.of drainage 
tracts had multiple neighbor firms. In these 
cases, competitive bidding among neighbor 
firms should have eliminated most, if not all, 
of the information rents. The fact that these 
rents were positive, and large, suggests that 
neighbor firms. may not have competed 
against each other. Several facts support this 
hypothesis. First, there is no law prohibiting 
firms from forming a bidding consortium in 
federal offshore auctions, and the neighbor 
firms may have previously formed such a 
consortium in order to manage production 
from the common pool. Second,.there were 
74 tracts with multiple neighbor firms, but 
only 17 tracts had multiple neighbor bids. 
Third, net profits were not significantly lower 
on tracts with multiple neighbors than on 
tracts with one neighbor firm. Fourth, the 
bids of the neighbor firms are strictly de- 
creasing in the number of neighbor firms. 
Given plausible assumptions on the distribu- 
_tions and given the range of the data, this 
result is inconsistent with the theory of com- 
petitive bidding (see Albert Smiley, 1979). It 
is consistent with neighbor firms coordinat- 
ing their bidding decisions, and submitting 
one serious bid on tracts which are consid- 
ered worthwhile. 

The paper is organized as follows: in Sec- 
tion I, we study an auction in which one firm 
has private information about the drainage 
‘tract, and others have access only to public 
information. In Section IJ, the data and 


— estimation strategy are discussed. In Section 
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III, we examine the evidence | for the hy- 


potheses that neighbor firms are better in- 
formed than non-neighbor firms, and that 
they bid according to the bidding model 
described in Section J. In Section IV, we 
investigate an alternative model in which 
neighbor firms bid competitively against each 
other. : 


L The Bidding Model 


Our bidding model is a version of the 
noncooperative first-price, sealed bid model 
with asymmetric information that was in- 
troduced by Wilson (1967), and subse- 
quently studied by Weverbergh (1979) and 
Engelbrecht-Wiggans, Milgrom, and Weber 
(EMW) (1983). The focus is on the individ- 
ual tract, and we ignore any structural or 
strategic factors which may link a firm’s 
bidding decisions on different tracts. Specif- 
ically, we assume that (i) there are no infor- 
mation externalities between tracts sold in 
the same sale; (ii) each firm is risk neutral; 
and (iii) the bidding strategy of each firm 
for a tract depends only on the state of 
information and competition for that tract. 
Assumption (7) is justified by the observa- 
tion that drainage tracts in a sale are usually 
drawn from geographically distinct areas. 
Assumption (ii) is not unreasonable since, 
for most of the participants, bids in an OCS 
drainage sale represent only a small part of 
their annual exploration budgets. Assump- 
tion (ii) implies competitive bidding be- 
tween the neighbor and non-neighbor firms. 
It rules out the use of punishment strategies 
in which bidding behavior on a tract is made 
contingent on bidding outcomes on tracts 
sold in previous sales. 

There is one neighbor firm and an arbi- 
trary number of non-neighbor firms. Let X 
and Z denote, respectively, the private and 
public signals on V, the unknown value 
of the representative drainage tract. The 
neighbor firm observes the realizations of X 
and Z prior to bidding on the tract, while 
non-neighbor firms observe only the realiza- 
tion of Z. Realizations of the random vari- 
ables will be denoted by lowercase letters. In 
what follows, we treat z as given, and are 
explicit about the dependence of the distri- 
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butions on its value. However, for notational 
convenience, we will suppress the depen- 
dence of bidding strategies on z. 

The essential feature of our model is that 
the information revealed by on-site drilling 
of an adjacent tract by a neighbor firm is a 
sufficient statistic for the information non- 
neighbor firms acquire from seismic surveys. 
The assumption that this information 1s 
known to the neighbor firm is made in order 
to obtain a precise characterization of the 
equilibrium and its properties. A more re- 
alistic, but less tractable, assumption is that 
the non-neighbor firms have noisy, but 
private, estimates of tract value.” However, 
as long as the estimates of the non-neighbor 
firms are not too informative, we can use the 
result by Milgrom and Weber (1985) on the 
upper hemicontinuity of the equilibrium cor- 
respondence to argue that the behavioral 
implications of this descriptively more accu- 
rate model are approximately the same as 
those of a model in which the estimates of 
non-neighbor firms are based on public in- 
formation. 

The strategy of non-neighbor firm i is a 
distribution function G,(-) over the non- 
negative real numbers. Adopting the ap- 
proach of EMW, we summarize the informa- 
tion of the neighbor firm by the real-valued, 
random variable H= E[V|X,z]. We shall 
assume that H has an atomless distribution, 
F(-|z), with finite mean, H. The strategy of 
the neighbor firm can then be defined as a 
function o which maps realizations of H, 
which are associated with the realizations of 
X, into the nonnegative real numbers. We 
shall assume that o(h) is a differentiable, 
strictly increasing function on the range 
(R, œ), where R is the reservation price, and 
denote its inverse function on this interval 
by 7(5). 

Define G(b) =G,(b)---G,(b) to be the 
distribution function of the maximum of the 
bids submitted by the uninformed firms on 
the tract. Given the strategy combination 
(o,G,,...,G,), the payoff to the neighbor 


*See Wilson (1975) for an analysis of an example of 
such an auction. 
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firm, when its estimate of V is A, is the 
product of the probability that its bid is 
highest and its expected value of the tract 
less its bid. 


(1) G(o(h))(h-o(h)). 


If the drainage tract contains any oil, it is 
usually part of a pool which the neighbor 
firm has discovered on the adjacent tract. 
This makes the value of the drainage tract to 
each firm contingent upon the manner in 
which production is allocated among the 
firms. If the firms bargain to an efficient 
allocation, tract valuations are identical 
across firms. In many: instances, however, 
competition leads to some dissipation of 
rents (see Gary Libecap and Steven Wiggins, 
1985). In these cases, the neighbor firm is 
likely to have a higher tract valuation than 
the non-neighbor firm, since it can take the 
externality into account and internalize its 
effects. . 

We parameterize the possible difference in 
tract valuations by letting the expected value 
of the drainage tract to the non-neighbor 
firm be equal to E[H|z]—c, where c is a 
fixed, nonnegative constant. (This constant 
could also reflect any cost differences.) The 
expected payoff to non-neighbor firm i which 
submits a bid b greater than R is 


(2) ElH-b-elr(b)>h;z] 
F(1(b)\z)- Tye: G,(b). 


The first term in equation (2) is expected 
profits, conditional on winning the tract (and 
hence b > o(h)). The remaining terms repre- 
sent the probabilities of outbidding the 
neighboring firm and ,the other non-neigh- 
bors. Ties at the reservation price are as- 
sumed to be settled by randomization. 

A Bayesian Nash equilibrium for the bid- 
ding game is an (+1)-tuple of strategies 
(o*, G*,...,G,*) such that the expected pay- 
off to each firm conditional on its informa- 
tion 1s maximized, given the strategies em- 
ployed by the other firms. 
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We turn next to a characterization of the 
equilibrium bid distributions. Define 


(3) $(A) 
= exp - a 


Note that if c is equal to zero, then $(h) is 
equal to F(h; z). Our theorem is a restate- 
ment of the theorem proved by EMW, ex- 
tended to auctions with asymmetric tract 
valuations. The proof is essentially the same 
as the one given by EMW, and is given in 
the Appendix. 


cF(s; 2) + F(s; z) {gF(usz) du} 


THEOREM: The (n+1)-tuple (0*, G¥,..., 
G*) is an equilibrium point if and only if 


1 b>H-c 
G*(b)={¢(1r(b)) R<b<H-c 
$(R) 0<b<R 
— zļ-c h>h 
o*(h) = h>h>R 
a h<R 


where h solves E\|A\H < h;zJ]—c=R. 

The theorem states that the supports of 
the equilibrium distribution functions are 
identical, and consist of {0} and the interval 
[R, H—c]. We interpret a zero bid as no 
bid. The equilibrium strategy of the neighbor 
firm on (R, H—c] is uniquely determined 
by the condition that, in equilibrium, non- 
neighbor firms must earn zero profits. That 
is, suppose a non-neighbor firm submits an 
equilibrium bid b. Then, since o* is strictly 
increasing at b, there is a unique h’ such that 
b= o*(h’). The expected profit of the tract 
to the non-neighbor firm conditional on the 
event that it wins is E[H|H < h’; z|- b ~c: 
Setting this equation equal to zero implies 
that o*(h^) = EL H|H < k’; zj- 

The equilibrium strategies of non-neigh- 
bor firms are indeterminate. However, the 
equilibrium distribution function of the max- 
imum uninformed bid is unique. It is chosen 
in order to induce the neighbor firm to bid 
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according to the function given above. The 
two distributions differ in the probability of 
the events of no bid, and of a reservation bid 
R..G* possesses a mass point equal to F(A) 
at {0}, and is constant at this value on the 
interval (0, R]. The distribution of the 
neighbor bid also possesses a mass point at 
{0}, but it is equal to F(R), which is less 
than F(h). The distribution is constant at 
F(R) on the open interval (0, R}, and then 
jumps discontinuously upward at R. The 
value of the mass point at R is equal to 
F(h)— F(R). If c iš equal to zero, G* is 
identical to the distribution of the informed 
bid on (R, H). 

The randomized strategies of non-neigh- 
bor firms are a direct consequence of the 
assumption that the neighbor firm knows 
their estimates. If non-neighbor firms bid 
according to a pure (and hence predictable) 
strategy. which specifies a bid for each real- 
ization of the public information variables, 
the optimal response of the neighbor firm is 
to bid slightly above the maximum non- 
neighbor bid if the tract is worth more than 
this number, and not bid otherwise. But this 
implies that on average the non-neighbor 
firm is certain to lose, since it will win only 
those tracts whose expected value is less than 
its bids. By randomizing, non-neighbor firms 
can induce the neighbor firm to bid accord- 
ing to a strategy in which it will lose profit- 
able tracts some of the time. As a result, 
non-neighbor firms will earn positive ex- 
pected profits on some tracts, and it is only 
on average that their expected profits are 
Zero. 

Nevertheless, some readers may find the 
mixed strategy equilibrium objectionable, 
since non-neighbor firms obviously do not 
determine their bids by spinning roulette 
wheels. Mixed strategy equilibria, however, 
can often be justified as a limit of a sequence 
of pure strategy equilibria in an appro- 
priately specified perturbed game. In our 
context, a natural candidate perturbed game 
is one in which the signals of non-neighbor 
firms are noisy estimates of V, and are inde- 
pendently and continuously distributed con- 
ditional on X, the information of the 
neighbor firm. The theorems of Milgrom and 


Sa re a tr) re 
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Weber (1985) imply that there is an equi- 
librium in this game where each firm’s bid 
is a function of its private estimate, and 
which distributionally approximates the 
mixed strategy equilibria of our model. 


A. Properties of Equilibrium 


The public information variable Z affects 
the bidding strategy of the neighbor firm in 
two ways, through its expectations about V 
and its response to its rivals. Integrating by 
parts, o can be expressed as 


(4) o(hsz) 
=h-e~ f" F(s; z) ds/F(h; 2). 


The integral term represents the factor by 
which the neighbor shades its bid downward 
from its estimate of the value of tract. Equa- 
tion (4) reveals that even if, given the private 
signal, the public signal is redundant infor- 
mation (ie., E[V|X, Z] = E[V|X]), the pub- 
lic signal continues to play an important 


“Strategic role in determining the neighbor 


firm’s bid. It affects the magnitude of the 
“shading” factor. Consequently, any public 
information variable which helps the non- 
neighbor firms to predict the value of the 
drainage tract will be an important explana- 
tory variable in the bidding equation of the 
neighbor firm. 

Under what conditions is this relationship 
monotone? Given any A in the support of F, 
define the probability distribution function 


k(H;z)=f(H;z)/F(h;z) H<h 
1 H>h. 


It is easily verified that k(-;z) has the 
monotone likelihood ratio property (MLRP) 
if and only if f has this property. It then 
follows from the well-known result that dis- 
tribution functions which possess the MLRP 
can be ranked by first-order stochastic domi- 
nance that E[H|H<h,z] is an increasing 


function of z. Using this result and equation 


(4), one can then show that, conditional on 
its private signal, the neighbor firm bids 
higher when non-neighbor firms are more 
optimistic about the value of the drainage 
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i 


tract. In what follows, we will assume that f 
has the MLRP. : 

The ex ante probability of the neighbor 
firm winning a drainage tract, conditional on 
the event that at least one firm bids, is easily 
calculated when c is equal to zero. Recall 
that, in this case, G*(o(h)) = F(A) for all 
o(h)> R. Integrating F(h) over h using the 
density f, and taking into account the mass 
points at {0} and { R}, yields the expression 
for the ex ante probability of the neighbor 
firm winning, 


1/2+ (1/2) F(h; z)| F(h; z)— F(R; z)| 
/\1- F(h; z) F(R; z)], 


which is strictly greater than 1/2. This im- 
plies that the neighbor firm is likely to win 
more than one-half of the drainage tracts in 
our sample. 7 

An increase in c causes the neighbor firm 
to bid less at every value of h, and, as a 
result, the cutoff value h rises. This increases 
the likelihood of the event that the neighbor 
firm bids R, and of the event that no non- 


` neighbor firm bids are submitted. It can also 


be shown that the likelihood of the event 
that the neighbor firm wins the drainage 
tract is increasing in c. 

The number of non-neighbor firms has no 
effect on the equilibrium bid distributions 
and payoffs, provided this number is not 
zero, From an empirical viewpoint, this is a 
particularly desirable feature of the model. 
The number of non-néighbor firms is not an 
observable variable to the econometrician. 
We observe only the number of non-neigh- 
bor firms which choose to participate in the 
auction. In most bidding models, this would 
lead to a selection bias in the estimates of 
the coefficients of the, bid functions. How- 
ever, in our context, the problem does not 
arise. 

In summary, we list below the main em- 
pirical predictions of the model. 


1. The event that no neighbor firm bids 
occurs less frequently than the event that no 
non-neighbor firm bids. 

2. The neighbor firm wins at least one- 
half of the tracts. 
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3. Expected profits to non-neighbor 
firms are zero. They are negative on the set 
of tracts where no neighbor firm bids, and 
positive on the set of tracts where the 
neighbor firm bids. 

4. Expected profits to the neighbor firm 
incorporates an information premium which 
makes its earnings above “average.” 

5. If c is equal to zero, the ex ante bid 
distributions (1-e., prior to the realization of 
X) are approximately the same. 

6. The bidding strategy of the neighbor 
firm is independent of the number of non- 
neighbor firms. 

7. The bidding strategy of the neighbor 
firm is an increasing function of the public 
signal, when a larger signal is “good news.” 


IJ. Data and Estimation Methods 


Our study; focuses on the federal lands off 
the coasts of Louisiana and Texas which 
were leased between 1959 and 1969. During 
this period, the government held 8 drainage 
sales, in which it auctioned off 144 tracts. 


This number does not include 25 drainage- 


tracts on which the high bid was rejected, for 
which we have no data. : 

In our sample, each lease is sold via a 
first-price, sealed bid auction. A bid is a 
dollar figure which the firm promises to pay 
to the government at the time of the sale if it 
is awarded the tract. This payment is called 
the bonus. The terms of the lease are that, if 
no exploratory work is done after five years 
have elapsed, then ownership of the lease 
reverts to the government. If oil and/or gas 
is discovered in sufficient quantities so that 
the firm begins production, the lease is auto- 
matically renewed for as long as it takes the 
firm to extract the hydrocarbons. A fixed 
fraction of the revenues from any oil and/or 
gas extracted, one-sixth throughout our sam- 
ple, accrues to the government. This sum is 
paid on an annual basis and is called the 
royalty payment. A nominal rental fee ($3 
per acre on wildcat tracts, and $10 per acre 
on drainage tracts) is paid by the firm each 
year until either the lease expires or produc- 
tion begins. 

The government may enter the auction as 
a bidder in two ways. In our sample, it 
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announced a reservation price of $25 per 
acre on most drainage leases. (The reserva- 
tion prices varied from sale to sale.) In ad- 
dition, it retains the right to reject the high 
bid on a tract if it believes the bid is too low. 
The usual basis on which it makes this judg- 
ment is its private estimate of the value of 
the tract. These estimates may be based in 
part upon the geological and seismic reports 
which the firms are required to submit. For 
sales in our sample, the high bid was rejected 
on 7 percent of the wildcat tracts, and on 15 
percent of the drainage tracts. 

Our data set contains the following infor- 
mation for each tract: the date it was sold; 
its location and acreage; which firms bid and 
the value of their bids; the number and date 


of any wells that were drilled; and annual 


production through 1980 if any oil or gas 
was extracted. The drilling and production 
data were used, together with the annual 


-survey of drilling costs conducted by the 


American Petroleum Institute, to calculate 
ex post discounted revenues and costs for 
each tract. Real wellhead prices in the United 
States were virtually constant from 1950 un- 
til 1973, and we assume that the expecta- 
tions of the bidders in our sample would be 
that this pattern would continue. Accord- 
ingly, future production paths were con- 
verted into revenues by using the real 
wellhead prices at the date of sale, and dis- 
counted to the auction date at a 5 percent 
per annum rate. See our previous paper with 
Boudreau for further detail. 

From the original sample of 144 drainage 
tracts, we selected 114 tracts which were 
adjacent to previously leased federal tracts. 
(The remaining tracts were adjacent to state 
tracts, about which we have no information.) 
For each drainage tract, we then designated 
neighboring tracts as those which had previ- 
ously been sold and were adjacent to it, and 
designated firms as neighbors if they had 
purchased the rights to one of these tracts. 
By the same methods we used for the 
drainage tracts, we computed discounted 
revenues and costs for each of the neighbor- 
ing tracts. 

The tracts are typically in a square grid 
pattern, but can vary in size. Wildcat tracts 
are usually either 5,000 or 5,760 acres, 
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0 1 3 4 E: 6 
No. of tracts 0 "40 21 5 4 1 
FIGURE 1. NUMBER OF NEIGHBOR FIRMS 
o 1 A å a å @ “a 6 
No. of tracts 19 79 15 0 0 1 0 
FIGURE 2. NUMBER OF NEIGHBOR BIDS 
TABLE 2— DEFINITION OF VARIABLES* 
Mean Staadard Deviation 
Br: maximum bid by neighbor 3.78 TL32 
By: maximum bid by non-neighbor . — 3.60 , 9.57 
N: number of neighbor bids 1.00 0.67 
N,;: number of non-neighbor bids 1.69 , 2.09 
N: number of neighbor tracts 3.01 1.98 
NF: number of neighbor firms ` 2.06 l 1.08 
q: ex post tract gross profitability 875 * 20.83 
V: ex post gross profits of adjacent tract - 14.51 20.16 
A: tract acreage 2.679 1.533 


*Dollar figures are in millions of $1972. Tract acreage is in thousands of acres. 


and drainage tracts are often 2,500 acres -or 
less. Consequently, the number of possible 
neighbor tracts is never less than eight, and 
is sometimes larger. The actual number: is 
usually much less, and the number’ of 
neighbor firms is even smaller, since one firm 
frequently owned more than one neighbor 
tract. The frequency distribution of neighbor 
firms per drainage tract is given in Figure 1. 
There were 74 tracts with more than one 
neighbor firm. However, in most of these 


cases, only one of the neighbor firms bid. 


The frequency distribution for the number 
of neighbor bids per drainage tract is given 
in Figure 2. k 
The fact that only 16 of the 74 tracts 
received more than one neighbor bid’ sug- 
gests that neighbor firms may have coordi- 
nated their participation and bidding deci- 
sions. Such behavior was not prohibited by 
the federal government in offshore oil auc- 
tions during the sample period. In fact, 
neighbor firms may have formed a joint ven- 


ture prior to the sale in order to manage 


production from the, common pool. This 
would also have provided neighbor firms with 
a mechanism for distributing the benefits 
from cooperation. Neighbor firms which did 
not bid could have received transfer pay- 
ments through the allocation of production 
shares. 

In what follows, we shall assume that the 
neighbor firms coordinated their bid deci- 
sions and submitted one serious bid on tracts 
which were considered worthwhile. The al- 
ternative hypothesis of competitive bidding 
among neighbor firms is examined in Section 
IV. : i 


Table 2 lists the empirical analogues of the 


theoretical variables. The largest neighbor 
bid is denoted by B,, or the reservation price 
in the event that no neighbor firm bid. Simi- 
larly, the largest non-neighbor bid is denoted 
by By, or the reservation price-in the event 
that no non-neighbor firm bid. The number 
of non-neighbor bids is given by Ny, the 
number of neighbor bids by N,, and the 
number of neighbor firms by NF. Our proxy 
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for the private information of the neighbor 
firms is the gross profitability. of the tract, 
which is denoted by ~. This is defined as 
discounted revenues less drilling costs and 
less royalty payments (one-sixth of revenues 
in our sample). It is not net of the bid. Our 
proxies for the: public information variables 
are: the number of neighbor tracts (NV), the 
gross profitability of the most recently sold 
neighbor tract, or the average of these values 
if more than one neighbor tract was sold at 
the same time (V), and tract acreage (A). 


A. Likelihood Function 


The estimates reported in Tables 6, 7, and 
8 are obtained from similar likelihood func- 
tions. Define indicator variables for the max- 
imum neighbor and non-neighbor bids: 


Y,=Wj0.+¢2,, i=J1,U;t=1,...,T 


f iti 


where W., is a vector of regressors for tract t, 
6, is a parameter vector, and {&,,, &,,} are 
iid. drawings from a bivariate normal dis- 
tribution with zero mean, variances of and 
o7,, and covariance o,,,. Here T. is the num- 
ber of tracts which received at least one bid. 
Bids are determined as follows: 

log( B;,/R,) =Y, if ¥,,2 0 


i es 


=Q otherwise, 


where R, is the reservation price on tract t.. 


Thus, bids are assumed to be lognormally 
distributed, in -accord with previous evi- 
dence. (See Smiley, 1979, for example.) We 
have data only for tracts in which at least 
one bid is positive. Therefore, we are faced 
with both truncated dependent variables and 
sample selection issues. 

We partitioned the tracts into three mutu- 
ally exclusive sets: Q2,, is the set of tracts 
with at least one neighbor bid and at least 
one non-neighbor bid, 9%, , is the set of 
tracts with at least one neighbor bid and no 
non-neighbor bids, and Qo, is the set of 
tracts with no neighbor bids and at least one 
non-neighbor bid. The log likelihood func- 
tion for the entire sample can then be de- 
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fined as follows: 


log L = 3 lat » I, + >, ls, 


1eQ,, tEQx6 tE Roa 
where 7 
l, = — [log(27) + (1/2)log|=| 
= (1/2) Cen, Ev) Z (Er Eur)’ 
—log(1— Z(— W,,Oy/sy, 
—W,8;/6;3 Pry ))s 


bo" log{ ®{[ - Wy5y — 619; En] 


Ae = eis) 
—log(o,) +1log((e,,/0;)) 
—log(1— Z(—Wyby/oy, 

—W,,8;/;; Pry )), 
l= log{ &{[ -Wyb — Ory 94 Eur] 
/|9? ~ otoz?) 
E aeua 
—log(1 — Z(— Wy,Ay/oy, 
— W,8;/07; Pru )). 


Here 2 is the covariance matrix, pyy is the 
correlation coefficient, ® and @ are the 
standard normal distribution function and 
density function, respectively, and Z(-,-) is 
the function for the probability of the event 
that no bid is observed on a tract, as de- 
fined in Norman Johnson and Samuel Kotz 
(1972, p. 93). 


Ill. The Evidence 
We begin by examining the predictions of 


the model with respect to the participation 
rates, and returns of neighbor and non- 
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TABLE 3—— SAMPLE STATISTICS ON TRACTS WON- BY EACH TYPE OF FIRM? 
Wins by ore Wins, by 
-Neighbor Firms Non-Neighbor Firms 
A Total ` B C Total 
No. of Tracts 35 59 19 36 55 
No. of Tracts Drilled 23 47 18 33 51- 
No. of Productive Tracts 16 36 12 19 31 
Average Winning Bid 3.28 6.04 "= 2.15 6.30 4.87 
(0.56) (2.00) (0.67) (1.31) (0.92) 
Average Gross Profits 10.05 12.75 —0.54 - 7.08 4.45 
(3.91) (3.21) (0.47) (2.95) (1.99) 
Average Net Profits . 6.76 6.71 — 2.69 0.78 — 0.42 
~~ (3.02) (2.69) (0.86) (2.64) (1.76) 


“Dollar figures are in millions of $1972. The numbers in parentheses are the 
standard deviations of the sample means. Column A refers to tracts which received no 
non-neighbor firm. bid, column B refers to tracts which received no neighbor bid, and 
column C to those in which a neighbor firm bid, but a non-neighbor firm, won the tract. 


neighbor firms. The number of tracts which 
received no neighbor bid is 19, and the num- 
ber of tracts which received no non-neighbor 
bid is 35. Therefore, at least one neighbor 
firm participated in 83 percent of the auc- 
tions, and at least one non-neighbor firm 
participated in 68 percent of the auctions. 
This is consistent with the theoretical model. 

Table 3 gives sample statistics on the tracts 
won by each type of firm. Column A refers 
to tracts which received no non-neighbor 
firm bid, column B refers to tracts which 
received no neighbor bid, and column C to 
those in which a neighbor firm bid, but a 
non-neighbor firm won the tract. 

The evidence is consistent with the model. 
The neighbor firm won 62 percent of the 
tracts that it bid on. As we calculated in our 
previous paper, its share of the tract value 
was approximately 44 percent, which was 
considerably higher than the 23 percent 


average firm share on wildcat tracts. The 


average net profit of non-neighbor winners 
was virtually zero. It was positive on tracts 
which received a neighbor bid, and it was 
significantly: negative on tracts which re- 
ceived no neighbor bid. By contrast, the 
participation decisions of the non-neighbor 
firms had no effect on the earnings of 
neighbor firms. Based on these return figures, 


it appears as if the neighbor firm was better — 


able to identify which drainage tracts were 
more likely to contain oil, and was able'‘to 


exploit this knowledge to obtain above aver- 
age profits. 

We found no evidence of a mass point at 
the reservation price in the distribution of 
bids of the neighbor: firm. One possible ex- 
planation for this result is that firms were 
afraid. that the government would reject 
reservation price bids. Recall that the govern- 
ment rejected the high bid on 25 drainage 
tracts.’ 

The existence of a positive reservation 
price provides an explanation for why non- 

- neighbor firms drilled tracts on which no 
neighbor firm bid. The lack of participation 
by the neighbor firm implies that its expecta- 
tion of net profit is less than R. Since R is 
positive, and the bid is a sunk cost, it may 
still have been rational for the non-neighbor 
firm to drill its lease. Drilling outcomes were 
not inconsistent with this belief, since the 
average gross profit of tracts which received 
no neighbor bid was not significantly differ- 
ent from zero at conventional confidence 
levels. 

An indirect test of our assumption that 
neighbor firms coordinated their bidding de- 
cisions is to compare the bidding behavior of 
neighbor firms and their net profits on single 
neighbor tracts to that on multiple neighbor 


*We study the issue of a random reservation price, 
and its empirical implications, in a subsequent paper. 
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. TABLE 4— THE EFFECT OF NEIGHBOR FIRM COMPETITION ON NEIGHBOR FIRM 
PARTICIPATION AND PROFITS? 


Multiple Neighbor Tracts 
Single Neighbor __No.of Neighbor Bids 
Tracts 1 22 Total 
No. of Tracts 40 48 15 74 
No. of Tracts with No Neighbor Bid 8 -= — 11 
No. of Wins 19 29 li 40 
Average Winning Bid 4.795 2.615 17.193 6.624 
of Neighbor Firm (1.444) (0.697) (9.953) (2.885) 
Average Gross Profits. 13.601 4.670 32.597 12.350 
of Neighbor Firm (5.608) (2.148) (11.506) (3.965) 
Average Net Profits 8.806 2.055 15.404 5.725 
of Neighbor Firm (4.762) (1.690) (10.963) (3.297) 


“Dollar figures are in millions of $1972. The numbers in parentheses are the 


-standard deviations of the sample means. 


tracts. If our assumption is correct, they 
should not be significantly different across 
the two categories. 

The statistics reported in Table 4 are con- 
sistent with this prediction. In each category, 
the neighbor -firm won approximately one- 
half of the tracts. The net profits on the 
single neighbor tracts won by neighbor firms 
is somewhat higher than on the multiple 
neighbor tracts won by neighbor firms, but 
the difference is not statistically significant. 
In both categories, net profits were signifi- 
cantly positive, and quite large. High value 
multiple neighbor tracts tended to attract 
more than one neighbor bid, but average net 
profits were substantially higher on these 
tracts than on the multiple neighbor tracts 
with one neighbor bid. This may be’ an indi- 
cation of “shadow” bidding, in which the 
neighbor firms submit more than one bid in 
order to convince the government that bid- 
ding is competitive. 


A. Information Structure 


An important assumption of our theoreti- 
cal model, both in terms of its predictive 
consequences and its influence on our em- 
pirical formulation, is that non-neighbor 
firms have access only to publicly available 
information. We assume that they have no 
private signals which are useful in predicting 
tract profitability, and are not also observed 
by the neighbor firm. 


While we cannot observe the firms’ private 
information signals, it is possible to test this 
assumption indirectly. In particular, we con- 
ducted the following predictive exercise. We 
first regressed the gross profitability of a 
given drainage tract on indices of whether a 
neighbor firm bid (the dummy variable D, = 
1 if so), on the number of neighbor bids, on 
tract acreage, on the number of neighbor 
tracts, and on a second-order polynomial in 
the maximum neighbor firm bid and the 
value of the neighboring tract. We then sup- 
plemented this set of regressors with an in- 
dex of whether any non-neighbor firms bid 
(D,, =1 in these cases) and, if so, how many 
do so. We also included the maximum un- 
informed bid as an additional variable in 
the second-order polynomial expression. We 
then performed the same exercise with the 
roles of the neighbor and non-neighbor re- 
versed. If non-neighbor firms had access to 
informative private signals, then one would 
expect their participation and bidding deci- 
sions to have some predictive content. If not, 
then the assumption that no payoff-relevant 
private information was available to non- 
neighbor firms may be correct. We have in- 
cluded public information such as acreage, 
number of neighbor tracts, and adjacent tract 
value, since the relationship between profit- 
ability and bids depend on these values in 
equilibrium. 

In Table 5° we report three regression 
equations, corresponding to the three sets of 
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TABLE 5-— PREDICTION OF TRACT PROFITABILITY? 


Variable Equation (1) Equation (2) Equation (3) 
Constant 3.60 0.11 3.16 
(—0.75) (0.02) (0.81) 
D, 5.03 — 3.12 
(1.42) (— 0.60) 
Dy — 0.09 4.89 
, (— 0.03) (1.03) 
N; 3.98 -2.01 
(1.01) (— 0.46) | 
Ny 1.64. 0.93 
(1.68) (0.87) 
N — 0.26 0.003 . — 1.03 
(—0.48) (0.007) (—1.41) 
— 46 — 0.18 0.80 
(— 0.62) (—0.23) . (0.67) 
B, 3.55 3.09 
(3.90) . (3.35) 
B} ~ 0.023 0.061 
(~2.57 (1.76) 
By l —0.229 0.181 
(—0.31) (0.26) 
B? 0.014 0.021 
(0.65) (1.36) 
V 0.013 0.116 0.259. 
- (0.11) (1.30) (1.80) 
y? -0.9E—4 —0.41E-3 -—0.0013 
(—0.12) (— 0.37) (— 0.72) 
B, : By =< 0.093 
: (—1.99) 
B, V — 0.0067 — 0.026 
(—0.24) (— 1.04) 
By V — 0.034 — 0.034 
(— 1.41) (—0.85) 
SSE 17673 14766 41483 
R? - "640 699 154 


d.o.f. 104 98 104 


“The dependent variable in each equation is 7. Het- 
eroskedasticity-consistent !-statistics are displayed in 
brackets. 


regressors discussed in the preceding para- 
graph. An F-statistic for the test that none 
of the non-neighbor firm participation and 
bid variables coefficients are significantly 
different from zero, which compares the re- 
gressions in columns one and two, equals 
3.22. Under the null hypothesis, the statistic 
has (6,98) degrees of freedom, the critical 
value for which is 3.71 at size 0.05. Most of 
the explanatory power of the non-neighbor 
firm: variables is derived from the product 
term involving the neighbor bid. 

We shall henceforward frequently refer 
to non-neighbor firms as uninformed and 
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neighbor firms as informed. The evidence 
summarized in Table 5 does not contradict 
this nomenclature. 

Note that the significant coefficients in 
Table 5 also support ‘the view that the in- ` 
formed firms do indeed possess payoff-rele- 
vant information. True tract profitability is 
positively correlated with their bids, over the 
entire observed range of bids. The final col- 
umn indicates that the incremental predic- 
tive power of the informed firm bid and 
participation decisions is very significant, 
even after conditioning on public informa- 
tion and ma es bid and a 
information. 


B. Bid Distributions 


One implication of ‘the theoretical model 
is that, conditioning solely on publicly avail- 
able information, the distribution of the in- 
formed bid and that of the maximum unin- 
formed bid should be approximately the 
same if tract valuations are symmetric (i.e., € 
is equal to zero). Accordingly, we computed 
the maximum likelihood estimates of the 
parameters of the joint distribution: of these 
two variables. We explicitly accounted for 
the truncation of the| bid variables at the 
reservation price, for ithe sample selection 
rule that the only observed tracts are those 
in which at least one bid was positive, and 
for the possibility of correlation between the 
error terms of the two bid equations. The 
explanatory variables are the publicly avail- 
able information in our sample: tract acre- 
age, the number of neighbor tracts, the value 
of the adjacent tract, and that value squared. 

The maximum likelihood estimates, which 
are contained in Table 6, have two notable 
features. First, the coefficients and estimated 
standard errors of the regression equations 
are similar. The value. of the x? statistic of 
the null hypothesis that the two. Tegression 
equations are identical is 10.58, which iS 
below 11.07, the critical value of a x” statis- 
tic with 5 degrees of freedom at size 0.05. 
This result accords weakly with the theoreti- 
cal prediction of our model when tract val- 
uations are symmetric. Second, there is 
essentially no correlation between the dis- 
turbances of the two. equations. The esti- 
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TABLE 6— JOINT DISTRIBUTION OF BIDS CONDITIONAL ON PUBLIC INFORMATION* 


Unrestricted Restricted 
Independent Dependent Variable Dependent Variable 
Variable log( B; /R) log( By /R) log(BID/R) 
Constant 1.98068 2.05437 — 1.99365 
(3.44) (2.70) (3.96) 
V 0.07391 0.00523 0.04966 
(3.42) (0.19) (2.52) 
y? — 0.00073 — 0.00009 — 0.00050 
(— 2.92) (— 0.30) (—2.17) 
— 0.11092 0.13285 — 0.02499 
(— 0.82) (0.74) (—0.21) 
N — 0.08226 —~ 0.28903 — 0.14763 
(— 0.74) (~1.97) (—1.51) 
2.0151 2.0528 
| O; | (11.7) (11.5) 
Pru Yy 0.1034 2.6596 0.0638 2.6785 


(0.94) (12.7) 
Log L = — 428.895 


(0.57) (12.8) 
Log L = — 434.184 


“Asymptotic r-statistics are in parentheses. They are computed from the analytic 
second derivatives. They are not appreciably different from the Eicker-White t-statis- 


tics. 


mated correlation coefficient, pry, is 0.10 


and not significantly different from zero. This 


suggests that there are no omitted variables 
which might significantly affect both bidding 
equations. In particular, although tract prof- 
itability is correlated with the informed firm’s 
private signals, and so also with the- in- 
formed firm bid, it appears that this. ad- 
ditional information is only weakly corre- 
lated with the unexplained component of the 
maximum uninformed bid. 

The theoretical model also predicts that, 
conditioning on public information and tract 
profitability, the distributions of the in- 
formed bid and the maximum uninformed 
bid should differ. More precisely, tract prof- 
itability should: be highly correlated with the 
neighbor bid, and orthogonal to the maxi- 
mum non-neighbor bid. To examine this im- 
plication of asymmetric information, we 
computed the maximum likelihood estimates 
of the joint distribution of bids conditional 
on tract gross profits and that variable 
squared, and the public information vari- 
ables listed above. 

The estimation results, which are reported 
in Table 7, are consistent with the above 


predictions. The x? statistic of the null hy- 


pothesis that the two distributions are the 
same is 19.84, which is rejected at size 0.01. 
The coefficients for the tract profitability 
variables are highly significant in the equa- 
tion for the neighbor firm bid, and insignifi- 
cant in the equation for the maximum non- 
neighbor firm bid. Non-neighbor firms do 
not appear to have access to information, 
other than the number and value of neighbor 
tracts and tract acreage, which is correlated 
with tract profitability. 

The estimates presented in Table 8 can be 
given a more structural interpretation: they 
are the maximum likelihood estimates of the 
coefficients of the informed firm’s bid equa- 
tion and the maximum uninformed firm bid 
equation, accounting for the truncation of 
these two variables and the sample selection 
rule. The maximum uninformed bid is taken 
to be a function of publicly available infor- 
mation: acreage, number of neighbor tracts, 
adjacent tract value, and that value squared. 
The informed bid is a function of these 
variables, together with our proxies for its 
private information: actual tract profitability 
and that figure squared. We also include the 
number of uninformed firms in both equa- 
tions. According to the theory, this number 
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TABLE 7— JOINT DISTRIBUTION OF BIDS CONDITIONAL ON PusLic 
INFORMATION AND TRACT PROFITABILITY* | 
Unrestricted Restricted 
Independent Dependent Variable Dependent Variable 
Variable log( B, /R) log( By /R) log(BID/R) 
Constant 1.86237 2.07435 | 1.88962 
(4.15) (2.42) (4.63) 
T 0.09102 0.02765 0.07532 
(4.30) (0.79) (3.93) 
m? — 0.00053 — 0.00026 — 0.00046 
(~2.12) . (—0.62) (—2.09) 
V 0.04428 — 0.00323 0.03361 
(2.55) (—0.12) (2.05) 
y? — 0.00045 — 0.00001 — 0,00036 
| (—2.25) (—0.03) (—1.80) 
A — 0.20962 0.10221 —0:13419 
(~—1.95) (0.58) (—1.34) 
N — 0.00888 — 0.25858 — 0.06645 
(— 0.10) (—1.81) (— 0.83) 
1.5996 1.6379 , 
l o; | (11.5) (11.3) 
Pry y 0.0492 2.6162 — 0.0216 2.8014 


(0.46) (13.1) 
Log L = — 409.0028 


(-0.20) (11.8) 
Log L = — 418.9243 


"Asymptotic f-statistics are in parentheses. They are computed from the analytic. 


second derivatives. 


should have no explanatory power in the 
informed bid equation, unless it serves as a 
proxy for omitted public information vari- 
ables which might affect uninformed firm 
bidding. Since the maximum uninformed bid 
is an order statistic whose distribution de- 
pends on N,,, it should be significant in this 
equation. However, it 1s properly viewed as 
endogenous and its coefficient has no struc- 
tural interpretation. 

The estimates in Table 8 indicate that the 
informed bid is an increasing function of 
tract profitability and the value of the ad- 
jacent tract over the range of values encoun- 
tered in our sample, and it is essentially. 
independent of the number of neighbor tracts 
and the number of uninformed bids. The 
lack of correlation between the maximum 
informed bid and the number of uninformed 
bids provides further evidence that our list 
of public information variables is adequate. 


If it were not, then unproxied public infor-. 


mation (omitted elements.of Z) would in- 
fluence both Ny and B,. 


By contrast, the maximum uninformed bid 
is not significantly correlated with tract 
profitability or the value of the adjacent 
tract, and it is a decreasing function of the 
number of neighbor tracts. As expected, there 
is a strong positive correlation between the 
maximum uninformed bid and the number 
of uninformed bids. 

The sign and magnitudes of the coeffi- 
cients for the number. of neighbor tracts 
variable in the bid equations are consistent 
with the maintained hypothesis that neigh- 
bor firms do not compete against each other. 
Under this assumption, the number of 
neighbor tracts is a proxy for the amount of 
information which neighbor firms possess. 
Therefore, non-neighbor firms should bid less 
aggressively on tracts with a larger number 
of neighbor tracts, and, in response, the 
neighbor firm should shade its bid down- 
ward. 

The signs of the coefficients for the other 
two public information variables that pos- 
sess some incremental explanatory power, 
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TABLE 8— BID EQUATIONS? 


VOL. 78 NO. 5 
Equation (1) 
Independent Dependent Variable 
Variable log( B; /R) log( By /R) 
Constant 1.86973 2.13073 
(— 4.19) (2.90) 
aT 0.08967 
(4.26) 
a — 0.00051 
(—2.04) 
y 0.04452 0.00257 
(2.58) (0.10) 
y? — 0.00045 — 0.00006 
(—2.25) (—0.21) 
— 0.20738 0.12154 
{—1.95) (0.68) 
N — 0.01001 — 0.27341 
(—0.12) (—1.92) 
Ny 
. 1.5956 
Pur y 0.0453 . 2.6238 
(0.43) (13.0) 


Log L = — 409.3745 


Log L = — 408.6295 


Equation (2) Equation (3) 
Dependent Variable Dependent Vanable 

log(B;/R)  log(By/R)  log(B;/R)  log(By/R) 
1.64933 2.15018 1.67785 0.064395 
(3.52) (2.96) - (3.66) (1.14) 
0.08505 0.08501 
(4.09) (4.08) 

— 9.00047 — 0.00047 

(~~ 1.88) (— 1.88) 

0.04814 0.04757 0.02083 
(2.82) (2.79) _ (1,08) 
— 0.00047 — 0.00046 — 0.00011 
(~ 2.47) (— 2.42) (~ 0.58) 
— 0.25435 — 0.25713 — 0.22645 
(~ 2.32) (~ 2.38) (-1.71) 

0.03228 0.03506 0.03029 

(0.36) (0.41) (0.28) 
0,13505 0.11312 0.83705 
(1.26) (1.42) (8.48) 
1.5664 1.5663. 
(11.3) (11.5) 
~0.0782 2.6101 —0.0576 1.8769 


(-0.62) (13.0) (—0.56) (13.0) 


Log L = — 378.5628 


“Asymptotic f-statistics are displayed in brackets. They are computed from the analytic second derivatives. 


namely, the value of the adjacent tract and 
that value squared, are the same in the in- 
formed and maximum uninformed bid equa- 


- tions. They are significant only in the bid 


equation of the informed firm. This is con- 
sistent with the prediction of the theoretical 
model that the bids of the non-neighbor 
firms are much “noisier” than the bids of the 
neighbor firms. Finally, note that the esti- 
mated standard error of the residuals in the 
informed bid equation is much lower than 
that of the maximum uninformed bid, al- 
though the informed bid itself has a higher 
standard deviation. (See Table 2.) We can 
explain a much higher percentage of the 
variation in the informed firm bids. 


IV. A Competitive Bidding Model 


In this section, we consider an alternative 


` to the coordination model of neighbor firm 


bidding. We shall estimate a bidding model 
under the assumption that neighbor firms act 
independently and competitively. Our objec- 


tive is to determine whether estimation un- 
der this behavioral hypothesis leads to impli- 
cations which are not consistent with the 
theory of competitive bidding. 

In the competitive bidding model, each 
neighbor firm observes a private signal on 
the value of the drainage tract, which, con- 
ditional on the value of the tract, is inde- 
pendently distributed across firms. The 
precisions of the signals are assumed to be 
identical, that is, information is symmetri- 
cally distributed among the neighbor firms. 


- We shall continue to assume that neighbor 


firms view the bids of non-neighbor firms as 
uninformative random variables, and care 
only about the distribution of the maximum 
uninformed bid.* 


*This assumption is somewhat ad hoc. In his analysis 
of an auction with asymmetric information in which 
uninformed firms have noisy, but private estimates of 
the informed firm’s valuation, Wilson (1975) shows that 
firms which have access only to public information 
should never bid. If they do, they will lose money. 
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The equilibrium outcome depends on the 
nature of the neighbors’ information. If the 
neighbors each know the exact value of the 
tract, then competition should lead to com- 
plete rent dissipation on multiple neighbor 
tracts. Table 4 indicates that the profit data 
are inconsistent with this sort of competi- 
tion. Therefore, a competitive model can be 
consistent with the data only if we assume 
that neighbors’ private information is imper- 
fect. | 

The theoretical prediction concerning the 
sign of the equilibrium response of neigh- 
bors’ bids to an increase in the number of 
neighbor firms is ambiguous: more competi- 
tion causes the probability of winning to fall, 
which has a positive effect on bids. But, it 
also causes the expected value of the tract 
conditional on winning to fall, since there 
are now more observations on the value of 
the drainage tract. Therefore, the “winners 
curse” is more acute, which has a negative 
effect on bids. Participation probabilities 
should decrease, however, since the reserva- 
tion signal above which a neighbor firm par- 
ticipates is strictly increasing in the number 
of neighbor firms. 

- The ambiguity can be resolved for specific 
distribution functions of the private infor- 
mation. Smiley (1979) has shown that, for 
several distributions of the exponential class 
(including the lognormal), the equilibrium 
bid function is initially increasing in the 
number of bidders and then decreasing. The 
value at which the derivative changes sign 
depends upon the precision of the signal. 
For the degree of uncertainty present in our 
sample, the critical value is generally not less 
than four. Since there were only ten tracts 
that had four or more neighbor firms, this 
implies that, given plausible assumptions on 
the distribution functions, the neighbor firm’s 
bid should be increasing in the range of the 
data. 


The likelihood function for this model is. 


defined as follows. Let J, denote the index 

set for the neighbor firms on tract ¢. Define 

indicator variables for the informed firms, 
Y, =W; + £p, Ped. f= NE 


where W, is a vector of regressors for tract £, 
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f, is a parameter vector for informed firms, 
and the e,,’s are jointly normal and indepen- 
dent (across tracts and firms} unobservable 
random variables. The indicator variable for 
the maximum uninformed bidder is defined 
as | 
Yy = Wey teys  t=1,...,T, 
where W,,, is a vector of regressors for tract 
t, Ôu, is a parameter, vector for the maximum 
uninformed bid, and the ¢,,’s are joint nor- 
mal and independent (across tracts and 
firms) unobservable random variables. Bids 
are determined as follows: for each i€, 
and 1=U, 


log( B;,/R,) Sla if Y, 20 


t 


=0 otherwise. 


eremm, 


A tract enters the sample only if at least 


one bid is positive. Therefore, the likelihood 
function must account for both truncated 
random variables and sample selection is- 
sues. The latter 1s particularly important in 
the competitive model, since the likelihood 
of a tract entering our sample is higher when 
there are more neighbor firms, ceteris pari- 
bus. | 
Define dummy variables d,,=1 if neigh- 
bor firm i bids on tract t, and d,,=0 other- 
wise. Similarly, d,,,=1 if at least one non- 
neighbor firm bids on tract ¢, and dy,=0 
otherwise. Then the log likelihood function 
for the sample is given by 


log Z| AE 


t NIEI, 
+(1— d,,)log(®(— W,,8,/0;))| 
+ dy, log(o(ey,/oy)/oy) 
+(1— dy, )log(®(- W,,8y/oy))| 


-~ log(1 7 Il o( ~W,,9;/o;) 


O(s Wuðu/ou))) ; 


r 
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TABLE 9——~JoInr DISTRIBUTION OF NEIGHBOR BIDS AND MAXIMUM Non-NEIGHBOR Brp* 


Equation (1) Equation (2) 
Independent ‘Dependent Variable Dependent Variable 
Variable log( B; /R) log( By /R) log( B; /R) log( By /R) 
Constant 1.7493 2.1856 1.7380 2.1165. 
(2.516) (2.292) (2.49) (2.22) 
” 0.0971 0.0994 0.0363 
(3.40) (3.47) (0.97) 
a? - — 0.00038 — 0.00040 — 0.00030 
(~1.19) (~ 1.24) (— 0.68) 
V 0.0400 — 0.0015 0.0388 — 0.0102 
(1.59) (— 0.04) (1.54) (— 0.33) 
y? — 0.00049 — 0.00004 — 0.00046 0.00005 
(~ 1.46) (-0.11) (~— 1.40) (0.15) 
A ~ 0.2723 0.0626 — 0.2759 0.3704 
(—1.94) (0.33) (— 1.96) (0.19) 
NF — 0.7576 — 0.4346 — 0.7552 — 0.4152 
(— 3.96) (—1.52) (— 3.93) (— 1.44) 
2.6747 2.6793 
| o; | (12.9) (12.9) 
Pur uy 0 2.7608 0 2.7519 
(10.6) (10.6) 


Log L = — 554.468 


Log L = — 553.781 


ît-statistics are displayed in brackets. They are computed from analytic second derivatives. 


The maximum likelihood estimates for the 
bid functions of the firms are reported in 
Table 9. The first two columns give the 
estimates of the joint distribution of bids 
when the conditioning variables for the max- 
imum non-neighbor bid consist of the public 
information variables, and the neighbor bids 
are assumed to be a function of these vari- 
ables, and our proxies for the neighbor firm’s 
private information, tract profitability, and 
that variable squared. The final two columns 
give the estimates of the joint distribution 
when the tract profitability variables are in- 
cluded in the set of regressors for the maxi- 
mum non-neighbor bid. 

There are two ways in which the results 
reported in Table 9 are not consistent with 
the theoretical predictions of the competitive 
model. First, the bid function of the neigh- 
bor firm is strictly decreasing, not increasing, 
in the number of neighbor firms. This result 
is consistent with phantom bids, which are 
necessarily lower than the collusive bid, being 
often submitted on multiple neighbor tracts. 
In contrast, the maximum neighbor bid is 
independent of the number of neighbor firms. 


Second, the absolute value of the coefficients 
for the number of neighbor firms in the bid 
equations of the maximum uninformed bid 
are smaller than the corresponding coeffi- 
cients in the bid equations for the neighbor 
firms. The opposite should be true, since an 
increase in the number of neighbor firms 
causes a larger decrease in the expected value 
of the tract conditional on the event of win- 
ning for the non-neighbor firm than the 
neighbor firm (.e., the “winner’s curse” is 
more acute for the less informed firms). 

The results reported in this section may be 
consistent with a competitive bidding model 
in which one neighbor has access to superior 
information, and the others’ information is 
essentially equivalent to that of the non- 
neighbors. 


V. Conclusion 


The data indicate that firms owning 
neighbor tracts have an informational ad- 
vantage over non-neighbors in offshore 
drainage lease auctions. They exploit this 
advantage by shading their bids substan- 
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tially below their expectation of the value of 
the tract. This translates into significantly 
higher returns, expressed as a percentage of 
discounted social value, than on wildcat 
tracts, where the distribution of information 
is relatively symmetric. The non-neighbors 
also account for their disadvantage, bv bid- 
ding conservatively. As a consequence, they 
do not suffer from the winner’s curse, but 
rather break even on average. 

The pattern of neighbor bids appears to 
be inconsistent with a model in which they 
behaved competitively. Rather, the evidence 
indicates that they may have coordinated 
their bids to maximize joint returns. Such 
behavior may have been encouraged by the 
legality of joint bids, and by the presence of 
unitization agreements which could facilitate 
transfer payments. 

The empirical results are also not con- 
sistent with a model in which the neighbor 
and non-neighbor firms are known to differ 
only in their extraction costs (i.e., roughly 
speaking, the distributions of neighbor and 
non-neighbor valuations differ in the first 
rather than the second moments). In that 
event, non-neighbors would have to bid cau- 
tiously, and as a result, would win fewer 
tracts. But their bids, conditional on par- 
ticipating, should be correlated with tract 
values. The evidence refutes this view, for 
only neighbor participation rates and bids, 


and not non-neighbor bids or their number, ' 


exhibit such a correlation. 

A final alternative might be that firms 
adopt simple rule-of-thumb strategies. How- 
ever, despite the complexity of calculating 
the Nash equilibrium strategy, the strategies 
themselves are relatively simple. Conse- 
quently, it is not implausible that well- 
financed bidders with experience in these 
auctions would employ optimal strategies. 


APPENDIX 


Proof of Theorem: 


One can verify easily that the strategies specified 
above form an equilibrium. The proof of necessity is 
essentially the same as the one given by Engelbrecht- 
Wiggans, Milgrom, and Weber (EMW). Using their 
arguments, one can show that, in equilibnum, o is 
nondecreasing, and that the expected payoff to the 
uninformed firm is zero. Furthermore, the bid dis- 
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tributions are atomless, except possibly at R and 0. 
Therefore, given any 5 contained in the support of G, 
E[ H —c— biH <7(5); z]=0. Substituting 6 = o(h), 
this implies l 


(Al) o(h)=E[H|H<h;z]- 


=h-c- f’ F(s; z)ds/F(h;z). 


It then follows immediately from (A1) that the support 


of G (and the range of a) is at most {0} and [R, H — c]. 
Define — 


h = sup{ hja(h) =R} 


to be the largest valuation at which the informed firm 
bids R. Let A denote the Lagrange multiplier associated 
with the constraint b > R. Optimality of o(h) implies 
that, given any h, 


(A2) —G(b)+(h ~b)G'(b)+2=0, 
| AZO, DR. 


Transforming variables ai | integrating the differential 
equation on (h, 00) for h > Á yields 


(A3) im log G(o(s)}—logG(o(A)) 


00 f(s; z) {iF Cu; z) du 
h ¢F(s;z) + F(s;z) fgF(u;z) du 


Applying the boundary condition im,» G(a(s)) =1 
implies ` 


(A4) G(o(h)) 


PY Sy cF(s; z) + F(s;z) {fF (u3z) du fe 


which is strictly positive. Since any bid less than R is 
rejected by the seller, we have that G(0) = G(R). Thus, 
the event in which no non-neighbor firm bids occurs 
with positive probability. 

Given any k E[R, Á), A is strictly positive, and the 
informed firm’s optimal bid is R. At any h < R, it does 
not submit any bid. Therefore, the equilibrium bid 
distribution of the neighbor firm contains atoms at 0 
and R, and the value of these. atoms are F(R) and 
F(h)- F(R), respectively. 
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Some Evidence on the Winner’s Curse 


By STUART E. THIEL* 


The mathematical complexity of auction theory has restricted empirical work to 
qualitative tests of its basic predictions, with mixed results. This paper exploits the 
theory of order statistics to derive a Nash bid function that is linear in its 
parameters, allowing direct estimation by linear least squares. The model fits the 
data reasonably well, and does not provide evidence that the winner's curse is a 
significant problem in the highway construction industry. 


In common-value auction bidders are 
competing to purchase an item whose value 
will only subsequently be revealed, as in 
offshore oil tracts or the rights to publish a 
book in paperback. The phenomenon known 
as the “winners’s curse” turns up frequently 
in discussions of common-value auctions. 
(See John H. Kagel and Dan Levin, 1986; 
and surveys by R. Preston McAfee and John 
McMillan, 1987; and Richard Thaler, 1988.) 
While on close inspection, the concept can 
be quite confusing, the basic idea is this. Ina 
common-value auction, each bidder must in- 
dependently obtain an unbiased estimate of 
the unknown value of the object at auction. 
Then, even though the expected value of 
each estimate is correct, if each bidder bids 
his estimate the winner is nearly certain to 
have overestimated the true value, and so to 
bid too high. This is a result of the fact that 
even if the estimation procedure is unbiased, 
the bidder with the highest actual estimate 
(due to sampling error) is the winner. The 
winner’s curse is an excellent example of 
decision making that fails to incorporate the 
actual statistical and economic process by 
which information is received by economic 
agents.! 

Clearly the winner’s curse is not consistent 
with our received notions of rationality and 


*Department of Economics, Washington State Uni- 
versity, Pullman, WA 99164-4860. The comments of 
Keith Brown, Ben Craig, Greg Duncan, Don Hausch, 
and those of the referees have led to great improve- 
ments in this work. Errors are mine. 

The definition of winner’s curse has been controver- 
sial and the source of some debate. See James Cox and 
R. Mark Isaac, 1984, 1986, and Keith Brown, 1985, 
1986. 


economic equilibrium.’ Indeed, in his seminal 
article on common-value auctions, Robert 
Wilson (1977) showed that optimizing be- 


. havior requires that bidders compensate for 
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the potential bias by paying explicit heed to 
one another’s behavior. In a Nash equi- 
librium the winner, far from being cursed, 
expects positive profits. If it is costless to 
submit a bid, the true value of the object 
should exceed the winning bid. 

Wilson’s result has not been borne out by 
the data. Studies of offshore oil leases indi- 
cate that the winner’s curse does exist (E. C. 
Capen, R. V. Clapp, and W. M. Campbell, 
1971; John Lohrenz, 1974; Kenneth Hen- 
dricks, Robert Porter, and Bryan Boudreau, 
1987). So does the experimental evidence of 
Max Bazerman and William Samuelson 
(1983), although experiments by Kagel and 
Levin (1986) do suggest that experience can 
teach bidders how to avoid it. 

If it exists, the winner’s curse results from 
a failure of bidders to optimize correctly. In 
any discussion of such failure, it is important. 
to distinguish between the bidder’s estima- 
tion problem and his bidding problem. The 
distinction is not common in bidding theory, 
but it 1s advanced, forcibly, by Robert Stark 
and Thomas Varley (1983). A bidder might 
overbid because he overestimated the value, 
or because he overestimated his opponents’ 
bids. 

In this paper, I focus on the former inter- 
pretation. The winner’s curse is avoided by 
any bidder using a valuation function whose 
expectation, conditional on winning, is an 
unbiased estimate of the object for sale. The 
function derived below requires that the bid- 
ders be individually rational in the sense of 
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statistical decision theory, not attuned to one 
another as in game theory. The only belief 
each bidder must have about the others’ 
actions is that the winner will be the firm 
with the largest estimate. The approach is to 
notice that mathematically, the bidding 
function maps the distribution of estimates 
into a distribution of bids, and the winner is 
the bidder with the first-order statistic from 


that sample. Knowing this, a bidder can 


offset the winner’s curse by computing the 
expected difference between the first-order 
statistic and the value of the object for sale, 
and submit a bid that is shaved accordingly. 
This strategy guarantees that the bidder will 
earn zero-expected profits in equilibrium no 
matter how clever his opponents are. 

But in a Nash equilibrium the winner will 
expect positive profits, and there must be an 
additional bit of strategy by which a bidder 
takes account of his opponents’ behavior. 
Below, I exhibit a Nash bid strategy in which 
Wilson’s bid-shaving is expressed as a sep- 
arate additive term common to all bidders. 

Using the theory of order statistics leads 
to a functional form that is lmear in the 
parameters, inviting estimation by conven- 
tional econometric methods. In addition to 
ease of estimation, the method makes effi- 
cient use of the data by using all the bids, 
not only those of the winners. Further, the 
test of the winner’s curse does not depend on 
(possibly flawed) estimates of the true value 
of the object at auction, but rather on prop- 
erties of the bid strategy that are indepen- 
dent of that value. 

The parameters are estimated using data 
from auctions for highway construction con- 
tracts. Generally, I find strong evidence that 
this model captures some elements of the 
firms’ bid strategies, and that if the winner’s 
curse exists, it may not be large. 

Several theoretical papers have discussed 
the similarity of order statistics to auctions, 
but the only empirical use of which I am 
aware is by Lance Brannman, J. Douglass 
Klein, and Leonard Weiss (1987). They com- 
pare their regression results to tabulated val- 
ues of expected order statistics, but do not 
use them directly in their estimation. 

A difficulty with empirical work on the 
winner’s curse is that the winner is only 
cursed relative to the true value of the item 


at auction, which is every bit as difficult for 
the econometrician to estimate as it was for 
the bidders. For offshore oil tracts, even 
after the test holes are drilled and the size of 
the pool is known, the present value of that 
resource depends in a complicated and un- 
certain way on the future price paths of oil 
and gas, confounding any direct claim that 
the winner did in fact over- or underbid. 

For public works, such as my highway 
construction data, there is not even a market 
value against which to compare. Instead, one 
must use the agency’s own estimate. Not 
only is that estimate just as uncertain as any 
bidder’s, since all parties are professionals of 
presumably similar competence, but there is 
no particular reason to expect the agency's 
estimate to be unbiased. After all, if they go 
to the trouble to have a bid letting for a 
project, they must want to pave its way, 
tempting them to adjust their estimate. 

The theory developed below attempts to 
avoid that problem by measuring the win- 
ner’s curse in terms ‘of two parameters that 
are explicitly independent of the true cost of 
the project. Unfortunately, technical econo- 
metric problems undermine the crispness of 
the test and lead to ambiguous results. I 
believe that the winner’s curse is at most a 
slight problem in this industry, but the data 
admit other interpretations. 

A further issue is that of censoring. It is 
intuitively plausible that there is an unob- 


servable threshold value, such that a. firm . 


whose value estimate exceeds the threshold 
will not bid. Otis Gilley and Gordon Karels 
(1981), and Stanley Johnson and John Kuhl- 
man (1983) have found evidence of such 
censoring in oil-lease and ‘highway-contract 
bidding data, respectively. In the present 
paper the evidence is mixed. Imposing the 
hypothesis of censoring yields coefficient 
estimates giving near-perfect corroboration 
of the theory, but there is reason to suspect 
that that version of the model is misspeci- 
fied. 

A word must be said about corrupt prac- 
tices like bid-rigging, for which the highway 
construction industry is notorious. Bid-ng- 
ging is difficult to detect: that is the whole 
idea. The conspirators have every incentive 
to devise bids that mimic honest bids. Kuhl- 
man and Johnson (1984) suggest that, once 
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bid-rigging has become suspected, elaborate 
comparisons of suspect contracts to similar 
contracts can be used as legal evidence. 
Jonathan Feinstein, Michael Block, and 
Frederick Nold (1985) work directly with 
a panel of data from one state, aided by the 
ex post information of which firms in the 
panel were later convicted of bid-rigging. 

My data, a cross section from 33 states, do 
not lend themselves to either method. I. do 
find that in the states in which the agency’s 
value estimate is announced in advance, there 
-is a wholesale breakdown of the model, which 
might indicate collusion, but is more likely 
evidence that the theory is inappropriate to 
such cases. Also, in the other states there is a 
faint indication that the winner might have 
access to some extra information not avail- 
able to the other bidders or to the researcher. 
Generally, however, all I can say about bid- 
rigging is that if it is there, it is well 
camouflaged. 


I. The Bidding Model 
A. Order Statistics 
First I present a few facts about order 


statistics necessary for the discussion below. 
Details can be found in the text by H. A. 


David (1981), especially in Chapters 1 and 6. | 
Consider a random sample { X;} of size N 


drawn from a continuous distribution. For 
the present purpose, assume the parent dis- 
tribution F(x}, o), with density f(x], o) is 
in the location-scale family. The location 
parameter 0 and the scale parameter o > 0 
may be, but are not necessarily, the mean 
and standard deviation. Then X admits the 
standardization Z=(X-—6@)/o, where the 
distribution G(z), with density g(z), is in- 
dependent of @ and o. Of use below will be 
the facts F(@|@,0)=G(0) and f(@|8,0) = 
2(0)/o; the latter is obtained by simple dif- 
ferentiation. 

Arrange the sample in increasing or- 
der, and let the subscript j:N denote 
the jth order statistic in a sample of size 
N: Xin < Xp.y < ttt < Xy.y- Clearly Xj: 
= + AE =ù + A and 
Cow X; y, Xn) = 0° Cov(Z,;, y, 
that although the original data formed a 


Z:n) Note 
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random sample, arranging them in order 
changed the joint distribution. 


Write E(Z;:n) = {py in general, 
N-1 
(1) w= ("P| 


x [sG(s)? i- G(s)] "~4dG(s). 


The expression for Cow(Z;.y,Zj.y) = fin? 
0 is even more complicated. Fortunately, 
since G(Z) is independent of 6 and ø, for 
any given distribution the values of {..,, and — 
r;;n cam be tabulated. If G(Z) is the normal 
distribution, as will be needed below, William 
Beyer (1966) has tabulated $y for2<Ns 
39 and r; y for2<N < 20. 

Suppose \ we need an unbiased estimate of 
o. Inspection of E(X, jN) = G+ of). sug- 
gests regressing X, on §,., and an inter- 
cept. Ordinary least squares (OLS) will give 
estimates? Ê and 6 that are unbiased, but 
not efficient because: Cov( X, y, X; =) = 
077; j.N- However, the covariance ‘matrix 
oR, = ø°[r;;y] is known up to o°, and we 
can use that information to perform gener- 
alized least squares (GLS) using the exact 
Aitken transformation. 

That method is at the heart of this paper. 
Three further facts that will come up again 
are: David cites A. K. Gupta (1952) to the 
effect that if the parent distribution is nor- 
mal, the efficiency loss from using OLS in- 
stead of GLS is slight; the standard error of 
the regression gives a second, but biased, 
estimate of o; and since the regression errors 
have come -by way of the order statistics, 
they do not share the parent probability 
distribution. In particular, even if F(x|@, 0) 
is the normal distribution, the errors are not 
themselves normally distributed. 


B. A Linear Bid Stategy 
Consider a sealed-bid auction and a group 


of N bidders, each of whom is risk-neutral 
and wishes to maximize expected profits. 


*In general, the circumflex (*) notation refers to the 
estimate, for example, ĉ is the estimate of ø. 
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Each has an independent estimate, X, j = 
1,2,..., N, of @, the unknown value of the 
object at auction, and the high bid wins. The 
values { X,} are drawn from a common dis- 
tribution F(x|8,o); all bidders know N, the 
functional form of F(x), and o > 0. F(x) is 
continuous and a member of tag location- 
scale family.? 

Each bidder regards x; as his best point 
estimate of 8. That is, either the bidders are 
all classical statisticians, forced by their 
methodology to heed only the samples they 
have taken, or they are all Bayesians, sharing 
the same posterior distribution. In either 
case, each bidder believes F (X;|X;,0) = 
F(6|6, 0) = G(O) and A(X X, 0) = FOO, o) 
= g(0)/o. This is a crucial step in the de- 
rivation, because it is this insight that causes 
the bid strategy to be linear. 

Suppose an individual bidder’s first prior- 
ity is to avoid the winner’s curse. He wants 
to find a valuation function p,(x) with the 
property that if he wins, he breaks even: 
E( py(X)|win) = @. If the equilibrium bid 
function 1s monotone increasing, the bid- 
der with the highest estimate is the winner. 
His point estimate must have been (Xy. y) = 
0 + Zy.y, With expectation E(Xy.y) = 
0 + 00,.y. Thus if py(X)= X- ofy.y, 


E( py(X)|win) = COE osv:y = + 
l ofyn — O$y.y = O, 


as required. 


Here, we concentrate on symmetric equi- 


libria, in which all bidders play the same 
strategy. Wilson (1977) showed that in a 
symmetric Nash equilibrium the winner ex- 
pects positive profits. Let b( X) be an indi- 
viduaľs bid, and let B be the bidder’s highest 
competing bid, with subjective prior distri- 
bution H,(8) and density A,(B). The 
well-known first-order condition for a Nash 
equilibrium (see, for example, Gilley and 


“A referee has pointed out that the entire method of 
the paper can be adapted to distributions that can be 
transformed into location-scale distributions, for exam- 
ple, the lognormal. The lognormal is especially im- 
portant in the study of offshore oil lease bidding; see 
James Ramsey (1983) and Robert Wilson (1983). 
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Karels, 1981) is 
Hy(b(X)) 
hy(b(X))’ 


where E( p,(X)|win) = @. From that we get 
the following proposition. 


(2) b(X) = py(X)—- 


PROPOSITION 1: Let py(X)=X— oty.y 
and W(N) =(G(0)/g(0)|/(N —1). Then 
(3)  b(X)=py(X)-6W(N) 


gives a symmetric Nash equilibrium in pure 
strategies. 


PROOF: 

To prove the proposition, we must show 
that b( X) simultaneously satisfies everyone’s 
first-order condition. First, note that b’(X) 
=1>0, so b(X) is monotone increasing, 
and that E( p,(X)|win) = @ as above. 


Second, H,,(b(X)) is the probability that 
b( X) is greater than the highest competing 
bid. But, again because b( X) is order-pre- 
serving, it must equal the probability that 
X is the highest signal, so H,(b(X)) = 
F(X)*~". Differentiating both sides and 
using b'( X) = 1 gives dH,(b(X)) ss 
h,(b)b( X) = hy(b) = (N -DAX 


Hy (b)/h,(b) = [ÊX] N 1). 


Using F(X|Xo0)+G(0) and f(X|X,0)= 
g(0)/a gives oW(N). 

Thus the bid function satisfies the first- 
order conditions for all bidders at once. Since 
b'(X) is finite, the resulting Nash equi- 
librium is in pure strategies. 

The expected value of the winning bid is 8 
—oW(N), so oW(N) > 0 is the expected 
profit. W(N) converges monotonically to 
zero as N gets large, so the winning bid 
converges to the true value, at rate 1/N, as 
derived by Wilson. 

Thaler points out that in experiments the 
average bid is typically significantly less than 
0. He echoes the literature in associating 
that observation with risk aversion and 
the winner’s curse. However, neither of 
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winning bid 





FIGURE 1 


those explanations is necessary: from (3), 
E(b(X)) = 8 — of). — DW(N) <8. Also, 
since ¢y., is increasing in N, as N gets large 
eventually the W(N) term becomes dom- 
inated by y.y and E(b(X)) diverges from 
0. Figure 1 shows the expected winning and 
average bids when F(x|9,0) is the standard 
normal distribution. 

Note also that this bid strategy consists of 
simply adding a constant to the value esti- 
mate X, so the bid and signal distributions 
differ only in location (compare Bazerman 
and Samuelson, 1983). That constant is a 
function only of N and o and can easily be 
arranged in a table or programmed into a 
calculator for quick consultation by the bid- 
ders. As Figure 1 and (3) indicate, the con- 
stant has two parts. The first part is a statis- 
tical correction for the winner’s’ curse that 
increases with the number of bidders. The 
second is a part that decreases with the 
number of bidders and reflects the economic 
effects of increased competition. 

The empirical work of this paper concerns 
auctions for public works contracts, in which 
the low bid wins. By symmetry, the winner 
has the lowest signal, X,.,, and i.p <0. 
The appropriate bid strategy is 


(4) b(X) = X—ot,.y+oW(N). 


Since the bidders cannot know their rank- 
ing at the time that they bid, the jth bid has 
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expectation 
— daa oW(N). 


If a suitable unbiased -estimator of ĝ can be 
found, this form suggests estimation of the 
bid parameters by linear least squares. Here 
is where it was necessary to assume F(x|6, 0) 
in the location-scale family; since the values 
of [j.~ and W(N) are independent of 8 and 
o, they can be found in tables or calculated 
for use as regressors, | 

Suppose that not all samplers bid. There 
are N* samplers, of whom N < N* actually 
bid, and both N* and N are known to the 
bidders at the time of the auction. Clearly 
Pn-(X) will depend on the sample size, but 
the term W(N), explicitly accounting for the 
number of rivals, continues to depend only 
on N. If N* cannot be observed, the sample 
is censored, posing difficulties for the estima- 
tion. That possibility i is considered below. 


II. The Data 
A. Description 


Highway construction contracts are let to 
the qualified firm entering the lowest bid. 
The states and bonding companies impose 
prequalification conditions on the bidders, 
ensuring that the firm is competent to do the 
job and concentrating small firms on small 
jobs, large firms on large jobs. Thus the firms _ 
in each auction will tend to be homoge- 
neous. | 

On the day of the bid letting, the firms’ 
representatives commonly congregate at the 
agency's office and compare notes on their 
estimates of the value of the contracts. Each 
bidder can learn the number of rivals he has 
for a particular contract, and the process 
generates a pool of public information about 
its value, to which the bidder adds the infor- 
mation he has kept private to form a value 
estimate. These value estimates, then, can be 
regarded as independent observations from 
an appropriately defined Bayesian posterior 
distribution for @. 
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The highway agency also has estimated 
the value of the contract. Most states keep 
their engineer’s estimate secret before the 
bid letting. The few that do not cause drastic 
amendments in the bid strategies. I do not 
offer a theory of those auctions, but do show 
that data from such states do not fit the 
model I develop. 

The data are a cross section of 150 auc- 
tions from 33 states; 20 of the auctions are 
from five states* that announce the engineer’s 
estimate in advance. The data were obtained 
from the weekly feature “Unit Prices” in the 
construction industry trade magazine En- 
gineering News-Record for the years 1982- 
85; unit prices are the prices of the individ- 
ual items used in construction work. Let the 
auctions be indexed by k, k =1,2,..., T. The 
variables in the data set are: the state; N,, 
the number of bidders; m,, the number of 
different items used in the project; b,, j= 
1,2, H, the low (winning), second, and high 
bids: and V,, the state’s engineer’ s estimate 
of the cost of the project.” 

Since the bids from the five unusual states 
differ so strongly from the rest, most of the 
discussion below involves the 130 auctions 
untainted by the state’s disclosure of its 
estimate. For those auctions the median value 
of a contract is $7.3 million, with a fairly 
even spread between small, medium, and 
large contracts. The number of bidders in an 
auction ranges between 3 and 16. 

The jth bidder in the kth auction esti- 
mates the unit prices, multiplies by the 
amount of each item necessary to do the job, 


*Tilinois, Louisiana, Massachusetts, Nevada, Texas. 
There may be others; I made contact only with the 
states in the data set. 

Some auctions had to be culled from the sample: 
those for which N < 2 and N > 20, due to the limita- 
tions of the tables; those for which no engineers’ esti- 
mate was included; and those for federal jobs, mostly 
U. S. Army Corps of Engineers harbor and river pro- 
jects. The last group was eliminated because the pro- 
jects were huge and dominated by far-flung con- 
sortiums, incompatibly with the state projects. Auctions 
for which the high bid was omitted were retained. A 
copy of the data set and a sample SAS program can be 
sent upon request either on paper or via electronic mail 
to any BITNET address. 
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and sums to compute the estimate X,,. Stark 
(1974) has noted that for a long-term pro- 
ject, considerations of optimal cash flow 
might make it desirable to overbid on some 
items and underbid on others, always keep- 
ing in mind that it is the sum that de- 
termines the winner. He provides a linear 
program for computing the optimal value 
estimate. 

Whether the firm takes Stark’s advice or 
not, the value estimate X, is the sum of 
many random variables. The number of 
summed variables is related to the number 
of different items, the amount of each item, 
and the cost of each item used in the project. 
Only 26 of the 150 contracts involved fewer 
than 30 items. If we assume that these vari- 
ables are unbiased, uncorrelated, and have 
finite variance, the classical central limit the- 
orem asserts that X,, converges in distribu- 
tion to a normal random variable whose 
mean is the value, 6,, of the contract. I 
assume that the variance of X,,, ož, is pro- 
portional to the number of items, m,:07 = 
$ m,, and that the bidders know @ and 
observe m,. 


B. The Engineer’s Estimate 


The value of the contract, @,, cannot be 
observed and we must use V,, the engineer’s 
estimate, as a proxy. This raises the question 
of just what the engineer’s objective is. That 
is, suppose that the state’s engineer con- 
structs his estimate from the same distribu- 
tion as do the firms, so V, =a) + ab, + wg 
and the error w, is independently Pese] 
distributed with mean zero and variance o; 

If the engineer’s purpose is merely to pro- 
vide an unbiased estimate of 6,, then a) =0 
and a,=1. However, in most states, V,’s 
statutory function is as a reservation price; 
officially, if no bidder meets the price, the 
project should go unbuilt. In practice, 
Johnson and Kuhlman (1983) report that if 
the lowest bid is not low enough, the state 
restudies its estimate in the light of the new 
information and often relents, letting the bid 
after revising its estimate. It seems likely 
that to avoid the extra effort, the engineer 
might want to overestimate @,, to help see to 


890 THE AMERICAN ECONOMIC REVIEW 


it that the bidders meet the minimum and 
the contract is let the first time, suggesting 
ay > 0. So long as N>1, such padding does 
not help the bidders, whose main concern is 
still with each other, but it does complicate 
the estimation.. The issue arises because, as 
will be seen below, using V, in the estima- 
tion leads to results that are hard to inter- 
pret. 


Ill, Econometric Specification 


To proceed, under the hypothesis that the 

sampling distribution is normal, G(0)/g(0) 

a/2, so W(N)=y1/2 [(N- 1). Index- 

ae auctions by k, the three estimating equa- 
tions for the kth auction have the form 


(6) bp =6,+ Bom E 


=< Baym; Sn 23 Baym, W, = E ip 
j=1,2, H, k=1,2,...,T, where ¢, = Fike 
W, =W(N,) and £, is a random error term. 


The covariance matrix of (Eiks Erg enn) is 
given by ġ 2m,R,, where R, = [rink], i j= 
1,2, H, is the matrix of standardized covari- 
ance terms. 

Written in the form of (6), the Nash- 
bidding hypothesis is that 8, = 8, = 8, = 
The coefficient $, reflects a property of the 
sample, not of the theory, and shall be taken 
to be the most reliable estimate of ¢. Let the 
winner’s curse (WC) measure be WC =1— 


B;/B2, so perfect hedging gives WC = 0 and 


naive bidding gives 8,=0,WC=1. Firms 
have failed of adequate hedging against the 
winner’s curse if WC > 0. They have failed 
of proper Nash-bidding behavior if 8, # 8. 

G, is unobservable. The relation discussed 
above, V,=a,+6,+.,, gives 0,=By+ 
BW, — Ok Bo <0, B,=1, as a proxy. This 
introduces the possibility of errors-in-vari- 
ables bias, which will be discussed in Section 
IV. Substituting in to (6) gives triples of 
equations whose error vectors have covari- 
ance matrix oj.(R, + I), where J is the 3x3 
identity matrix. Weighting each equation by 
1/ jm, to pve the heteroskedasticity correc- 
tion for of =¢’m, results in transformed 
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estimating equations 


Dix By gh 


Fe Tone * me PH 


— Bakie + BW + Mjes 





where the covariance of the vector (Mys 
Noes NH) is o? (Ry + I). The weights on the 
coefficient estimates b, 3, and B, are 
canceled out because they, too, are estimates 
of the standard deviation of the original 
sampling distribution. Premultiplying both 
sides of the system (7) by (R, + 1)~)/? gives 
the exact Aitken transformation, after which 
each auction in the data set has covariance 
matrix $I and the system can be estimated 
efficiently by ordinary least squares. | 
Even though the joint distribution of the 
bids is no longer normal, the parameters are - 
estimated by stacking the bid vectors from 
all of the independent auctions into one 
regression. Thus the coefficient estimates are 
linear functions of many such bid vectors 
and are approximately normal. 


IV. Estimation 
A. Regression Results 


The regression results are reported in Ta- 
ble 1. Column 1 uses the entire data set of 
150 auctions. The states were divided ac- 
cording to whether the engineer’s estimate is 
announced in advance, by appropriate slope 
dummies on ¢,,, Sins and W,. Columns 2 and 
3 result from’ partitioning the data set and 
running the regressions for the two kinds of 
state separately. The number of observations 
is less than triple the relevant number of 
auctions because in seven auctions the high 
bid was not reported in the data set. 

In all cases, <0, although insignifi- 
cantly in the states where the estimate is 
made known. In the other states, the indica- 
tion is either that the winner is cursed to the 
tune of nearly $1 million, on average, or that 
the engineers consistently overestimate by 
that amount. I have argued for the latter, but 
cannot insist dogmatically. 
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TABLE 1—GLS ESTIMATES OF UNCENSORED SPECIFICATION? 
Column 1 Column 2 Column 3 
Regressor Coefficient All Bids V, Known V, Unknown 
Constant Bo — 0.8725 — 0.2442 — 0.9955 
(0.345) (2.026) (0.280) 
V, B, 0.9683 0.9718 0.9610 
(0.012) (0.032) (0.015) 
Jk B, 0.1267) 0.4411 0.1267 
(0.015) (0.096) (0.114) 
ue B 0.1046 — 0.0046 0.1190 
(0.036) (0.207) (0.030) 
W,. Ba 0.2621 0.1241 0.2893 
(0.136) (0.697) (0.104) 
¢ ik Dk 0.3188 
(0.047) 
Cig Dy — 0.0547 
(0.066) 
W, D, — 0.0211 
(0.301) 
R? 0.9713 0.9740 0.9679 
Standard Error 
of Regression 0.3064 0.6511 0.2282 
- Number of 
Observations 443 54 389 


“Standard errors are in parentheses. Dollar values are in millions. States are 
categorized by whether the state’s estimate V, is known in advance. In column 1, all 
states are used and the slope dummy D, takes the value 1 if V, is known; columns 2 


and 3 result from partitioning the data set. 


Also in all cases, A is significantly less 
than 1. That does not rule out the possibility 
that £; =1, because as the coefficient esti- 
mate on a proxy variable, A is almost cer- 
tainly biased downward. The standard error 
of A is quite small because the regression is 
nearly one of random variables on their 
mean, accounting for the high R? as. well. 

B, and B, are the strategy coefficients to 
be scrutinized. É, indicates the degree to 
which the value estimate has compensated 
for the potential for the winner’s curse, which 
is zero when £, = £}. 8, measures the extent 
to which the firms are Nash bidders; ideally, 


4 = P2- 
One thing is simply obvious. Bidders in 
states that announce the engineer’s estimate 
in advance do not use the strategy described 
above. Neither of the strategy coefficients B, 
or 8, can be distinguished from zero. Since 
the theory was explicitly derived under the 
assumption that the seller had no reservation 
price, the result is not surprising. In this case 


the optimal strategy is probably a more com- 
plicated function than the one derived. 

Paul Milgrom and Robert Weber (1982) 
have shown that the seller maximizes reve- 
nue by announcing its value estimate. The 
prediction of maximum revenue cannot be 
tested here, but they also note that the an- 
nounced estimate might as well be the truth, 
since any systematic lie will be detected by 
the bidders. This implies that V, is, in this 
case, likely to be an unbiased estimate of 0 
and the bidders, knowing V,, have no reason 
to adjust for the winner’s curse. That in turn 
suggests B,=0, 6,=1, and £,=0, all of 
which are compatible with the estimates in 
column 2. On the other hand, the coefficient 
on the profit term W,, while not significant, 
supports the claim that even in these states 
the winner’s expected profit is positive, of 
order 1/N, and of similar magnitude to that 
earned in other states. 

Auctions in the states keeping V, a secret 
strongly corroborate the model. The winner’s 
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curse is small; in column 3 the measure WC 
=1~;/B,=6 percent. As to fy, the 
Nash-bidding coefficient, first observe that 
its sign and standard error are evidence in 
favor of Wilson’s original- common-value 
model: anticipating the win, bidders allow 
themselves some extra profit. The suggestion 
is that they pad their bids more than double 
the level predicted. On the other hand, Â, 
compares well to the standard error of the 
regression, an independent estimate of ¢. 

Neither of the hypotheses 8, = 8, or B, = 
B= B, can be rejected. However, formal 
hypothesis testing is not very powerful here, 
both methodologically, because the specifi- 
cation makes it natural to test the favorable 
outcome as the null hypothesis, and because 
the standard errors are too large to be help- 
ful. 

Using dummy variables to divide 8, into 
the three coefficients B,,, Ba, and 4p, the 
Nash coefficients for the low, second, and 
high bidders, gives estimates 84, = 0.353, Bas 
= 0.271, and B,,, = 0.243 (standard errors 
all about 0.14). The winning bidder seems 
consistently able to bid slightly higher, rela- 
tive to his estimate, than are the others.® 
While that might be evidence of illegal collu- 
sion, it more likely indicates some hetero- 
geneity among firms or some other flaw in 
the strict common-value specification. 


B. Censoring 


Several authors, for example, Gilley and 
Karels (1981), and Johnson and Kuhlman 
(1983), have raised the issue of censoring, in 
that more firms make value estimates than 
bid. Strict classical censoring, in which there 
is some threshold such that only those with 
value estimates less than that figure choose 
to bid, is intuitively appealing and is the 
approach taken by those authors. It should 
be recognized, however, that that possibility 
is explicitly ruled out by the common-values 
model. The only way a firm can decide if its 
estimate is too high is to have some other 


°Using dummies to make similar adjustments to f,, 


and É, revealed no conspicuous differences in the coef- 
ficients. 
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estimate as a standard of comparison. But in 
the common-values model, the bidder is al- 
lowed to observe only his private signal X;. 


‘Jf there is some public estimate, or if all 


bidders have access to similar extra private 
information, then the relevant probability 
distribution is the Bayesian posterior distri- 
bution obtained after the bidders individu- 
ally devise new estimates by a suitable up- 


. date rule. 


Unfortunately, that posterior distribution 
cannot be observed by the researcher, so it is 
sensible to investigate censoring with respect 
to the sampling distribution. The order-sta- 
tistical method of this paper is well-adapted 
to estimates from such censored distribu- 
tions (Keith Brown and Deborah Brown, 
1986). Suppose g percent of all samplers 
bid. Then if we have N bidders, we expect 
the original sample to have been of size 
N* = N/q (rounded to the nearest integer). 
The first and second bidders are now as- 
signed expected order statistics based on N*, 
Si.ve> So:we, and if there is classical censor- 
ing, the high bidder is merely the Nth of N*, 
with {y..». AS discussed above, the number 
of actual bidders can be observed on bid-let- 
ting day, so W(N) continues to be computed 
from N,. l 

Johnson and Kuhlman (1983) estimate that 
in highway contracting somewhere between 
35 and 50 percent of all samplers bid. In the 
estimates in Table 2, N* = N/0.41, 41 per- 
cent being chosen due to the limitations of 
the tables of order statistics. Also, because 
the covariance terms are unavailable for N* 
> 20, all estimates in Table 2 are ordinary 
least squares. | : 

Column 1 gives, fot comparability, the 


' OLS estimates of the original specification. 


Note in passing that the standard error of 
the regression is slightly larger here than in 
the GLS estimates in column 3 of Table 1, 
corroborating Gupta’s claim that the ef- 
ficiency loss from using OLS is small, but 
that the parameter estimates here give much 
smaller measure of the winner’s curse, WC 
= 2 percent. 

Column 2 gives the censored estimates. 
The fit of the estimates in column 2 is almost 
too good; not only are the three coefficient 
estimates 6,,8,, and ĝ, virtually equal, but 
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TABLE 2--OLS ESTIMATES OF ALTERNATIVE SPECIFICATIONS 


Regressor Coefficient 
Constant © ho 
Vy Bı 
Six B, 
be B; 
W, By 
R? 
Standard Error 

of Regression 
Number of 

Observations 
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Column 1 Column 2 Column 3 
Original Censored Differenced 
spec. spec. spec. 
— 1.0239 — 1.0309 
(0.267) (0.271) 
0.9595 0.9591 
(0.014) (0.014) 
0.1265 0.2339 0.1289 
(0.012) (0.022) (0.013) 
0.1238 0.2270 0.1132 
(0.029) (0.280) (0.011) 
0.2887 0.2729 
(0.094) (0.094) 
0.9704 0.9702 0.5405 
0.2722 0.2730 1.972 
389 389 259 
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“Standard errors in parentheses. Dollar values in millions. Column 1 gives OLS 
estimates of the GLS estimates in column 3 of Table 1, included here for comparison. 
The estimates in column 2 are from the censored specification described in the text. 
Those in column 3 result from differencing the original system to eliminate V, and W,. 


so is the standard error of the regression. On 
its face, that seems to be strong evidence of 
the joint hypothesis that the model is valid 
and there is censoring of the magnitude 
claimed by Johnson and Kuhlman. How- 
ever, the caveat that the OLS estimate might 
underestimate the winner’s curse carries 
down from the previous paragraph; also, in 
the next section it will be argued that the 
censored model is poorly specified. 


C. Diagnostics 


Two specification issues are the extent of 
errors-In-variables bias introduced by the 
proxy variable V,, and the issue of whether 
the censored or uncensored specification is 
the correct one. Inspection of equation (1) 
shows that the regressors „yẹ are highly 
nonlinear functions of N. In general, as Jerry 
Hausman (1983) has explained, asymptoti- 
cally consistent specification tests of nonlin- 
ear models require complicated iterative 
maximum likelihood techniques. The follow- 
ing method is offered as a simple alternative. 

Since V, is suspect, rearrange equation 
system (7) and eliminate V,, obtaining the 


differenced system 


(8a) E( by, a bx) 
| ym, 
E( Bary = bik) 


jm, 


In the transformation, B,W, was also lost, 
but we can still investigate the winner’s curse, 
because the term £,{,, in (8) measures the 
hedging strategy played by the bidders. 

The OLS estimates of (8) are presented in 
column 3 of Table 2. In the original GLS 
specification, the winner’s curse was 6 per- 
cent, and in the OLS specification, it is 2 
percent. Here, eliminating V, gives WC =13 
percent, suggesting that while there is some 
specification bias, the winner’s curse is 
minimal in any case. 

To address the censoring issue, note that 
from Table 2, in either the censored or un- 
censored specification, the winner’s curse is 
quite small. Suppose WC = 0, implying, in 
equation (8), 8, = £. Then if the model is 
correctly specified, the ratio $,/, of the 


= Boban — Biss 


(8b) = BoS Hk — B38ix- 
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parameters 


(9a) ae ba (Son — Sie) 


E(by, — by) : 
(9) Za t Ta Telma 
k 


should be equal to 1. If the ratio is different 
between the two specifications, that dif- 
ference is due to the values of §},{-, and 
y. There are two sets of Ẹ values, one for 
the original specification and one for the 
censored case. 

Using the § values from the original 
model, the OLS estimates of (9a) and (9b) 
are $,= 0.092, ġ,= 0.123, with a ratio of 
0.748. For the censored specification, the 
analogous estimates are $, =0.117, $,= 
0.223, with a ratio of 0.525. Thus for all its 
apparent corroboration of the theory, the 
censored model is evidently the worse of 
the two. 

On inspection, the reason for the good fit 
of the censored model in Table 2 is obvious. 
One way to double, say, the estimates B, and 

3 in column 1 is to divide the regressors ¢, 
and %, by 2. But since {). ys, 5.4», and 
y:n» are all similar monotone-decreasing 
functions of N*, that is essentially what has 
been accomplished by substituting N*= 
N/0.41. With better tables, the result could 
have been tuned even more finely. While it is 
interesting that the factor of 41 percent is 
close to that specified by Johnson and Kuhl- 
man, the evidence is at best suggestive. This 
model can help to characterize bid strategies, 
but it should not be oversold. 


V. Conclusion 


Ambiguity about the exact specification 
should not obscure the positive results. This 
model accounts for regularities found in ex- 
perimental work on common-value auctions. 
Bidders on highway contracts do seem to 
shave their bids in order to avoid the winner’s 
curse, and the extent of the shaving does 
vary with the competition as predicted. In 
the field data, in those states where it would 
be surprising for the model to hold, because 
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there is public information on project costs, 
it does not. 

In those states whose highway auctions 
more closely match the hypotheses of the 
model, the coefficients on the bid variables 
have the right sign, they are significant, and 
we cannot reject the hypothesis that they 
are, as predicted, equal. Estimates of the 
winner’s curse indicate that bidders’ strate- 
gies differ from the optimal by from 2 to 13 
percent, but these estimates are not precisely 
determined. The evidence here indicates that 
the winner’s curse does not appear to be a 
significant problem in highway construction 
contracting, as it should not in economic 
equilibrium, but this is partly a matter of 
judging how large a discrepancy is “large.” 
Bidders do seem to approximate the hy- 
pothesized Nash-bidding behavior. If any- 
thing, the contractors’ profits are larger than 
predicted, not smaller. 


The essential strength of this model is the ` 


same as its essential weakness: the estimat- 
ing equations are specified, right down to 
functional form, by the theory.’ For the 
econometric specification to be so com- 
pletely determined a priori is- unusual in 
economics. For that specification actually to 
provide a rough fit to the data is even less 
common. 
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Learning in Equilibrium Models of Arbitration 


By ROBERT GIBBONS* 


This paper analyzes strategic communication in equilibrium models of conven- 
tional and final-offer interest arbitration. Both models emphasize the role of 
learning by the arbitrator from the parties’ offers about the state of the employ- 
ment relationship, which is known to the parties but not to the arbitrator. The 
analysis focuses on separating equilibria in which the arbitrators behavior is — 
identical to the reduced-form decision rule typically assumed in the empirical 
literature. The paper thereby provides a structural interpretation for the existing 


empirical work. 


Unless an alternative is specified in ad- 
vance, disputes in ongoing economic rela- 
tionships must often be settled by drastic 
measures: breaking up the relationship or, 
perhaps, going to the courts. To avoid these 
substantial costs, an entire class of dispute- 
resolution techniques has been invented and 
is being promoted for use in many labor, 
commercial, and personal relationships. One 
of the most interesting of these alternative 
dispute-resolution methods is binding arbi- 
tration, in which the- parties agree that a 
third party will resolve their dispute. 

Understanding arbitration is important for 
several reasons.. First, arbitration plays an 
important and growing role in allocating re- 
sources, especially in wage disputes and in 
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Third-party intervention. takes several forms and 
occurs in many contexts. On mediation, see Roger Fisher 
(1978) on international negotiations; Gerald Cormick 
and: Leota Patton (1977) on environmental issues; and 
Thomas Kochan and Todd Jick (1978) on public-sector 
disputes. On arbitration, see Kochan (1980) on public- 
and private-sector labor disputes and Paul Joskow (1987) 
on commercial contracts in the coal industry. 
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pre-trial arbitration. Second, arbitration of- 
fers a rare natural’ experiment involving 
strategic behavior and significant stakes: in 
some cases, the rules constitute a well-de- 
fined garne and the players’ choices are ob- 
served without error. 

_ A third reason to understand arbitration i iS 
because it is an institution that allows parties 
tò write ari incomplete contract ex ante while 
limiting opportunistic behavior ex post. Such 
institutions are likely to be important in the 
emerging theories of internal organization 
and incomplete.contracts. Oliver Williamson 
(1975), for instance, argues that the possibil- 
ity of arbitration by informed insiders is one 
of the central virtues of internal over market 
organization. And Sanford Grossman and 
Oliver Hart (1986) analyze two other re- 
sponses to incomplete contracts—integra- 
tion (i.e., assigning residual rights of control) 
and ex post bargaining; arbitration i is a third 
option. 

The nature of the arbitrators task de- 
pends on whether a contract is in force at 
the time of the dispute. In interest arbitra- 
tion the arbitrator settles wage (or other) 
disputes that, arise when a new contract is 
negotiated; in grievance arbitration, the-arbi- 
trator settles disputes that arise during the 
life of an existing contract. The two major 
forms of interest arbitration are conven- 
tional arbitration and final-offer arbitration. 
In final-offer arbitration, the parties simulta- 
neously submit wage offers, and then the 
arbitrator imposes one of the two offers as 
the settlement; in conventional arbitration, 
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the arbitrator’s choice of a settlement is un- 
constrained. 

This paper analyzes strategic communica- 
tion in equilibrium models of both conven- 
tional and final-offer interest arbitration. 
Both models emphasize the role of learning 
by the arbitrator from the parties’ offers 
about the state of the employment relation- 
ship, which is known to the parties but not 
to the arbitrator. In certain equilibria of 
both the conventional and the final-offer 
arbitration models, the arbitrator’s preferred 
settlement, y, is a weighted average of the 
average of the parties’ offers, y=(y,+ 
y,)/2, and a settlement motivated by the 
publicly observable facts of the case, y*( f): 


(1) -y, =ay+(1—a)y*(f). 


A decision rule of this form also is common 
in empirical work on arbitration. It appears 
in studies of conventional arbitration as 
equation (12) in Orley Ashenfelter and David 
Bloom (1984), equation (3) in Henry Farber 
and Max Bazerman (1986), and equation 
(1b) in Bloom (1986), and it appears in stud- 
ies of final-offer arbitration as equation (7) 
in Ashenfelter and Bloom and equation (6) 
in Farber and Bazerman. Thus, although this 
paper contains no data, it is closely related 
to the empirical literature on interest arbitra- 
tion: the paper provides a structural inter- 
pretation for the estimated parameter a. 
The paper also is an attempt to move 
toward a complete theory of interest arbitra- 
tion. A first requirement for such a theory is 
- that it both match the existing empirical 
evidence and provide new predictions for 
empirical testing. Perhaps the strongest piece 
of existing evidence is that the parties’ offers 
matter in the arbitrator’s decision making 
(i.e æ is positive; see Bloom and Farber- 
Bazerman). Indeed, Carl Stevens’ (1966) pro- 
posal of final-offer arbitration was motivated 
by the observation that the offers seem to 
matter too much in conventional arbitration: 
the arbitrator sometimes seems simply to 
split the difference between the parties’ offers, 
ignoring the publicly observable facts of the 
case. This paper uses the arbitrator’s need to 
learn from the parties’ offers to explain the 
observed importance of the offers in the 


GIBBONS: MODELS OF ARBITRATION 897 


arbitrator’s decision ‘making. The equilib- 
rium behavior that emerges also is consistent 
with the Farber-Bazerman finding that the 
importance of the offers in the arbitrator’s 
decision making increases when the offers 
are closer together, and with the Ashenfelter- 
Bloom and Farber-Bazerman finding that the 
arbitrator’s notion of an ideal settlement is 
identical in final-offer and conventional arbi- 
tration. 

A second requirement for a complete the- 
ory of arbitration is that it be an equilibrium 
analysis. The following discussion explains 
why an equilibrium analysis of arbitration 
is a crucial complement to empirical work 
on the arbitrator’s decision rule. Consider 
Stevens’ observation that in conventional 
arbitration the arbitrator sometimes seems 
simply to split the difference between the 
offers. If the arbitrator were committed to 
splitting the difference, then the parties 
would submit the most extreme offers possi- 
ble. Suppose instead that the arbitrator is 
committed to splitting the difference be- 
tween reasonable offers but to ignoring (or 
even punishing) unreasonable ones. Such a 
decision rule could cause the parties always 
to submit reasonable offers, and so lead 
to the appearance of mechanical comprom- 
ising by the arbitrator, but the observed be- 
havior would be only half the story: the data 
would be silent about how the arbitrator 
would have behaved had the parties not sub- 
mitted reasonable offers. Out-of-equilibrium 
responses by the arbitrator are never ob- 
served, and so can never be estimated, but 
play a crucial role in determining what is 
observed; an equilibrium analysis makes 
these out-of-equilibrium responses explicit. 

A third requirement for a complete theory 
of arbitration is that models of different 
forms of arbitration be built on a common 
set of assumptions about preferences, infor- 
mation, and commitment. This is a prere- 
quisite for accurate comparisons of con- 
ventional and final-offer arbitration for two 
reasons, the first empirical and the -second 
theoretical. First, if each form is adopted in 
environments in which it performs well (and 
if the data cannot reveal the differences in 
these environments), then comparisons of 
performance data from real arbitrations will 
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suffer from selection bias. And second, be- 
cause any form of arbitration could in prin- 
ciple be adopted in any given environment, a 
successful model of a given form of arbitra- 
tion must be built on assumptions that per- 
mit other forms of arbitration to be analyzed 
within the same model. Consider Farber’s 
(1980) model of final-offer arbitration, for 
example. Farber’s model is the leading con- 
tribution to the existing theoretical literature 
on that form of arbitration, and is the basis 
for all of the empirical work on the subject. 
Its important liability, however, is that an 
analysis of conventional arbitration under 
Farber’s assumptions about preferences, in- 
formation, and commitment would imply 
that the parties’ offers are irrelevant in the 
arbitrator’s decision making, an implication 
that is strongly contradicted by the empirical 
evidence. 

This paper satisfies these three require- 
ments, but is far from a complete theory of 
arbitration. The paper’s most important con- 
tributions are that it provides. an equilibrium 
foundation for the intuition that the arbitra- 
tor might learn from the parties’ offers, and 
that it uses the idea of learning to develop a 
unified analytical treatment of the two major 
forms of interest arbitration. 

The remainder of the paper is organized 
as follows. Section I describes Farber’s model 
of final-offer arbitration without learning. As 
will become clear, this model plays an im- 
portant role in the development of the learn- 
ing models of both final-offer and conven- 
tional arbitration analyzed here. Section II 
specifies the economic environment (ce., 
makes assumptions about the players’ pref- 
erences and information structures) that un- 
derlies the models of both final-offer and 
conventional arbitration. Sections III and 1V 
analyze separating equilibria in the final-offer 
and conventional arbitration games, respec- 
tively. In both cases, the parties’ offers per- 
fectly reveal their private information, and 
the arbitrator uses this information to help 
determine an ideal settlement. In final-offer 
arbitration the arbitrator chooses the offer 
that is closer to this ideal as the settlement; 
in conventional arbitration the arbitrator 
simply imposes the ideal itself. The model of 
conventional arbitration in Section IV is of 
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independent interest as a contribution to the 
theory of cheap-talk communication games. 
Section V summarizes the relationship be- 
tween these learning models and the em- 


' pirical literature. Finally, Section VI dis- 


cusses a program of extensions of the models 
developed here. 


I. Final-Offer Arbitration Without Learning 


Farber characterizes an aebiratel by a 
number, z,. that describes the arbitra- 
tor’s most preferred settlement in the case 
in question. To facilitate comparison of 
Farber’s model with those below, suppose 
that if the ideal settlement is z and the 
actual settlement is y then the arbitrator’s 
utility is v,(y, z)=—(y— z)*. In final-offer 
arbitration, the arbitrator is constrained to 
choose one of the parties’ offers as a settle- 
ment. Given this utility function, and assum- 
ing that the employer’s offer, y,, is below the 
union’s offer, y,, the arbitrator chooses the 
employer’s offer if it is closer to the arbitra- 
tor’s ideal settlement, that 1s, if and only if 
z< y, where y is the average of the parties’ 
offers. 

The parties are assumed to be uncertain 
about the value of z. Let this uncertainty be 
described by the probability distribution 
F(z), with density f(z). Given the parties’ 
offers, the probability that the employer’s 
offer is accepted is then F(y). Assume also 
that the parties have strictly opposed prefer- 
ences and are risk-neutral: the employer sim- 
ply seeks to minimize the arbitrator’s ex- 
pected settlement, while the union seeks to 
maximize it. 

The timing of the final-offer arbitration 
game is as follows. First, the parties simulta- 
neously submit their offers to the arbitrator. 
Then the arbitrator chooses the offer that 
maximizes the utility function v,(y, z). The 
parties’ Nash equilibrium offers maximize 
their expected payoffs and so solve 


(2) maxy.F(7)+ y[1- F()], and 


(3) min y.F(¥)+ yall- F(P)]. 


The first-order conditions for these optimiza- 
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tion problems are — 
(4) 1-F(9)=HO,-y,)f(9) and 
(5) EO) =ou IAE) 


which imply that F(y)=1/2 and y,— y, = 
fC¥)~*. (Note that the assumption that y, > 
y, clearly cannot be false in equilibrium.) 
These first-order conditions express a simple 
tradeoff: in equilibrium, each party consid- 
ers making a more aggressive offer but must 
balance the gain from having such an offer 
accepted against the reduced probability that 
it will be accepted. 

Much of what follows assumes that z is 
normally distributed with mean M and pre- 
cision H (Le., variance 1/H). In this case, 
(4) and (5) imply that the equilibrium offers 
are 


7 
=M+ == 
(6) Vy ST and 
, T 
=M-=—. 
(7) Ye aT 


(Checking for the global optimality of these 
and subsequent offers is tedious and so is 
relegated to Appendix I.) Note that the equi- 
librium offers are centered about the mean 
of the parties’ belief about the arbitrator’s 
ideal settlement, and that the distance be- 
tween the equilibrium offers decreases as this 
belief becomes more precise. 


Ill. An Economic Environment 


- This section describes the preferences and 
information structure that underlie both the 
final-offer and the conventional arbitration 
models analyzed in Sections III and IV. The 
novel feature introduced here is an unknown 
called the state of the employment relation- 
ship (or simply the state) and denoted by s. 
The most important distinction between the 
publicly observable facts of the case and the 
state of the employment relationship is sim- 
ply that the arbitrator observes the former 
but not the latter. Examples of publicly ob- 
. gervable facts are the inflation rate, recent 
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wage settlements in related industries, a 
coarse indication of the firm’s financial 
health, and so on. The state of the employ- 
ment relationship, in contrast, represents the 
details of the production environment and 
the labor market that the employer and the 
union inhabit. Because of their long and 
close relationship, the employer and the 
union understand the state well; the arbitra- 
tor has less experience with these details, but 
conducts an independent investigation to 
gather information. 

The theme of the models analyzed below 
is as follows. If the arbitrator knew the state 
precisely then the ideal settlement would be 
clear. Because the arbitrator is comparatively 
poorly informed, however, any information 
about the state that can be extracted from 
the parties’ offers may be useful. Such in- 
ferences must of course account for the nat- 
ural incentive of each party to mislead the 
arbitrator. 


A. Preferences . 


Assume that the arbitrator’s ideal settle- 
ment depends on the state of the employ- 
ment relationship: z=2z(s). This depen- 
dence could arise because the. arbitrator 
wishes to be fair, or to be rehired. For sim- 
plicity, let z(s)=s and let the arbitrator’s 
(von Neumann-Morgenstern) utility function 
be Va (Y> s)= =e. 

Unlike the arbitrator, the parties are as- 
sumed to be risk-neutral and to have prefer- 
ences that are independent of the state: 
v (y,s)=— y and v,(y,s)= y. As in the 
previous section, the employer simply seeks 
to minimize the arbitrator’s expected settle- 
ment, while the union seeks to maximize it. 
Thus, the parties are well informed about 
what a fair settlement would be, but this 
information does not affect their preferences. 

These assumptions about preferences keep 
the analysis simple. It may seem odd, how- 
ever, that the state appears in the arbitrator’s 
utility function but not in the parties’ utility 
functions. Two justifications for this can be 
given. First, although new issues will arise, 
the basic incentives analyzed here seem un- 
likely to disappear when the parties’ prefer- 
ences do depend on the state. And second, 
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the assumptions could be correct as they. 
stand: Let the value of the enterprise. be 
V(s) when the state is s, let the settlement y 
be the wage bill, and let employment be 
fixed. Then the union’s utility function is 
v,(y, 8) = y and the employer’s is v,(y, 5) = 
V(s)— y. The presence of V(s) in the em- 
ployer’s utility function changes nothing in 
the analysis, and the arbitrator’s ideal settle- 
ment z(s)=.s can be interpreted as a judg- 
ment about the fair division of V(s). 


B. Information Structure 


Let s be normally distributed with mean 
m and precision h. Also, let the parties’ 
knowledge of the state be summarized by the 
noisy signal 


(8) Se +E, 


where e, is normally distributed with zero 
mean and precision h,,. Notice that the par- 
ties are assumed to share a common percep- 
tion of the state of the employment relation- 
ship. While it seems realistic that the parties 
should both be considerably better informed 
about the state than the arbitrator is, it also 
seems likely that the parties themselves will 
have different beliefs about the state. This 
assumption is important in what follows, 
and is discussed in Section VI. 

Let the results of the arbitrator’s private 
investigation be represented by the noisy 
signal 


(9) Sa =S tE, 


where e, is normally distributed with zero 
mean and precision h,. The. three random 
variables s, €,, and €, are assumed to be 
independent of each other. In keeping with 
the idea that the parties are better informed 
about the state than is the arbitrator, one 
could assume that h,>h,, but this is not 
necessary for what follows. 

To summarize, the information structure 
is as follows: the parties both observe s,,, the 
arbitrator observes s,, no one observes s, 
and m, h, h,, and h, are common knowl- 
edge. The parameters m and h that specify 
the prior distribution of s could reasonably 
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be interpreted as the publicly observable 
facts of the case. ' l 

Because of the independence of s, £, and 
€, the simple formulas of the normal learn- 
ing model (Morris DeGroot, 1970, ch. 9) 
characterize the Bayesian updating that oc- 
curs in the model. Some of the results of this 
updating are recorded here for future use. 
The conditional distribution of s given s; 
(where i€{p,a}) is normal with mean 
M;(s;) and precision H,, where 


7 “ hm + h;s; F 
(0) -M(s)=>57 
(11) H,=h+h;. 


Similarly, the conditional distribution of s 
given s, and s, is normal with mean 
M a(Sp> Sa) and precision H,,, where 

hm+hs,+h,s 
12) M apes mead fh RE 
( ) ee Sa) h+h,+h, 


and 
(13) H,,=ht+h,+h,. 


These definitions provide a convenient short- 
hand for describing the beliefs and decision 
making in the models below. 


HI. Learning in Final-Offer Arbitration 


This section analyzes a model of final-offer 
arbitration in the economic environment ` 
specified in Section I]. The analysis focuses 
on a separating equilibrium. The arbitrator 
perfectly infers the parties’ private informa- 
tion (s,) from their offers and then uses this 
information and the signal.(s,) to compute a 
posterior belief about the state (s) and to 
choose the expected utility-maximizing offer 
as the settlement. The parties understand 
that the arbitrator will, draw an inference 
from the-.offers and so consider the payoff 
from misleading the arbitrator when choos- 
ing their offers, but find it optimal not to 
submit misleading offers. 

The timing of the game is as follows. First, 
the parties observe s, and the arbitrator 
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observes s,. Second, the parties simulta- 
neously submit offers, y, and y, Third, the 
arbitrator chooses the offer that maximizes 
E.[v,(¥, 5)|5e> Yoo Yuh Where the condition- 
ing on y, and y, denotes the information 
about s, that the arbitrator extracts from 
the parties’ offers. Note that the arbitrator is 
assumed to be unable to commit to a deci- 
sion rule before the parties submit their 
offers; rather, the arbitrator’s choice must 
satisfy sequential rationality at the third stage 
of the game. Taken literally, this assumption 
seems to represent observed practice accu- 
rately, but the complementary case also de- 
serves attention; see the discussion in Sec- 
tion VI. 

Before’ . describing the separating equi- 
librium in detail, it helps set the tone for the 
subsequent analysis to show that there does 
not exist an equilibrium in which the arbitra- 
tor simply ignores the parties’ offers. More 
precisely, there is no perfect Bayesian equi- 
librium in which the arbitrator’s belief is the 
conditional distribution of s given s, both 
on and off the equilibrium path.? To see that 
this is so, suppose the contrary. Then the 
arbitrator's ideal settlement, y,(s,), would 
be M,(s,) from (10), or 


(14) hm + h Sa 
Yal Sq) 4 h+ h, 
Given s,, the parties’ belief about y_(s,) 1s 


? There is, however, a continuum of pooling equi- 
libria in which the arbitrator learns nothing from the 
parties’ offers in equilibrium, but does learn something 
off the equilibrium path, in the sense that the arbitrator’s 
out-of-equilibrium belief is not the conditional distribu- 
tion of s given s,. Suppose, for instance, that for every 
realization of sp the employer’s offer is f and the 
union’s offer is ¥. The values of ŷ and f are arbitrary, 
except that $ must not exceed F. Note that the ex- 
pected settlement if the parties follow these pooling 
offer strategies is a weighted average of » and j, with 
probability weights that depend on the realization of s, 
Nonetheless, it is simple to construct an out-of-equi- 
librium belief for the arbitrator that rationalizes out-of- 
equilibrium settlements that deter each party from de- 
viating, independent of the realization of s,. If the 
employer deviates to y’, for instance, then the arbitra- 
tor’s belief can rationalize choosing the union’s offer ( f) 
when y'< f and can rationalize choosing the employer's 
offer (y’) when y’> ¥. 
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normally distributed with mean m’ and pre- 
cision h’, where 


hn+h,M,(s,) 

DOO AN SO hcl p P 
oe h+h, 

h+h,)(h+h,)° 

(16) ya Met ty M+ hay p)Ch + ha) 


ha(h+h,+ha) 


Note that the dependence of m’ on s, has 
been suppressed in the notation. 

The logic behind Farber’s equilibrium now 
applies directly: if the arbitrator’s belief is 
independent of the parties’ offers, then sp 
affects the parties’ offers only because it 
changes their belief about the arbitrator’s 
ideal settlement. The equilibrium offers are 
therefore analogous to (6) and (7): 


(17) yy, (s,) = m'+ 2h and 


8) _y.(s,)=m'-\V Fy > 


The key point is that the arbitrator can learn 
something from these offers. The average 
of the offers is m’, and (10) and (15) de- 
termine s, from m’. Let s (m) denote 
the (point) estimate of s, computed in 
this way. Sequential rationality then requires 
that the arbitrators ideal settlement be 
M a(S (mM), Sa) from (12), or 


(19) Yal Ves Yur Sa) 
_ hm +h,s,(m’)+ hasa 
hth, +h, 


The crucial difference between (14) and 
(19), of course, is that in the latter the par- 
ties’ offers help the arbitrator determine the 
ideal settlement. In an equilibrium featuring 
this kind of learning, each party’s offer must 
balance not only the probability of and the 
gain from submitting the offer chosen as the 
settlement, as in Farber’s model, but also the 
effect the offer has on the arbitrator’s in- 
ference about the ideal settlement. The rest 
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of this section establishes that there exists a 
separating perfect Bayesian equilibrium in 
this final-offer arbitration game. 

Suppose that the arbitrator believes that 
y, the average of the parties’ offers, perfectly 
reveals s,, both on and off the equilibrium 
path. That is, for any pair of offers, y, and 
Ya the arbitrator computes the point esti- 
mate s, = s,(¥). (Other separating equilibria 
may exist in which a different function of Ye 
and y, reveals s, to the arbitrator.) The 
arbitrator’s ideal settlement is then 


(20) Val Yo Yur Sq) 
_ hm +h, s,(¥)+h Sq | 
ht+h,+h, 

and (assuming y, < y,) the arbitrator chooses 
Ye as the settlement if and only if the ideal 
settlement, y,(¥.; ¥,.5,), 18 less than the 
average of the offers, y. 

If the equilibrium value of y is to reveal 


s, in this way then the arbitrator’s inference 
rule must be 

_. (h+h,)y—hm 
(2) 5,(7)=--—2 


P 


To see this, use (20) to express the event that 
the arbitrator chooses y, as s, < S( F), where 


(22) S(¥) 
_ had + h( 9m) + h(¥—5,(9)) 
7 | 


a 


A derivation analogous to that leading to (4) 
and (5) then yields the first-order conditions 


(23) 1—F[S(¥)Is, | 


=(»,- yF [SOs] S) 


and 


| (24) F[S(¥)|s,] 


=(y,-»)f [SOs] S), 


where F is now the distribution of s, condi- 
tional on s,, which is normal with mean 
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M,(s,) given by (10) and precision 
_ Ay(h+h,) 
(25) m h+h,+h, 

As in (6) and (7), these first-order condi- 
tions imply that SC y)=M,(s,). Substitut- 
ing s,() for sp in M,(s,) “and solving for 
5 a y) yields (21), the; desired result. 

” The inference rule Sp(¥) in (21) implies 
that (22) simplifies to S(y) = y: the arbitra- 
tor’s decision rule is to choose y, if and only 
if s, < Y. Note that this is directly analogous 
to the decision rule used in Farber’s model 
(where there is no learning). Not surpris- 
ingly, therefore, the equilibrium strategies 
for the parties that solve the first-order con- 
ditions (23) and (24): are directly analogous 
to (6) and (7): 


(26) Yul Sp) = My (5p) +) sa ane 
(27) yels) = Mls) -y sar 


The average of the offers is M pi Sp)s which 
yields a more convenient expression of the 
inference rule (21): in equilibrium, the arbi- 
trator infers s, from the average of the par- 
ties’ offers, uses it in (20) to compute the 
ideal settlement, and then chooses the offer 
closer to this ideal. 

The summary of this argument is the main 
result of this section. 


PROPOSITION 1: The parties’ offer strat- 
egies given in (26) and (27) and the arbi- 
trator’s decision strategy based on the ideal 
settlement (20) and the inference rule (21) 
constitute a separating perfect Bayesian equi- 


librium of the final-ojfer arbitration game. In 


this equilibrium, the arbitrator’ s ideal settle- 
ment can be written 


y, =ay+(1~a)s,, where 


hm+ h.s 
C P’p 
I= hth, ane 
h+h, 
a 
h+h,+h, 
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The key feature of the arbitrator’s equi- 
librium strategy is its treatment of unex- 
pected offers from the parties. In equi- 
librium, the parties’ offers differ by ¥27/H’ , 
and the arbitrator perfectly infers the par- 
ties’ private information from the average of 
the offers. Any pair of offers that differs by 
this prescribed amount is on the equilibrium 
path; any pair that differs by any other 
amount is off the equilibrium path. The arbi- 
trator’s inference rule ignores this distinc- 
tion, however: (21) produces the point esti- 
mate of sp both on and off the equilibrium 
path. Thus, any change in either party’s offer 
changes the arbitrator’s estimate of s, at the 
rate (h + h,)/2h,. The reason the arbitrator 
is not misled in equilibrium i is that the par- 
ties must balance this opportunity to in- 
fluence the arbitrator’s belief against the two 
considerations that determined the equi- 
librium offers in Farber’s model, the gain 
from having a more aggressive offer accepted 
and the reduced probability that it will be 
accepted. 

There are two cases in which learning 
plays no role in the private-information game 
analyzed here: (1) the arbitrator has nothing 
to learn (i.e., h, approaches infinity); and 
(2) the parties have nothing to communicate 
(i.e., h, approaches zero). One appealing 
feature of the separating equilibrium de- 
scribed in Proposition 1 is that it approaches 
the equilibrium in Farber’s complete-infor- 
mation game as the learning becomes unim- 
portant in the private-information game. As 
h,, approaches infinity, for instance, the arbi- 
trator’s uncertainty about s disappears, and 
s, becomes relevant only as a signal to the 
parties about the arbitrator’s ideal settle- 
ment. In this case, the precision of the par- 
ties’ belief about the arbitrator’s ideal settle- 
ment (ie. H in (6) and (7) in Farber’s 
model) is h + h,, which is indeed the limit of 
H’ in (26) and (27) as h, approaches infin- 
ity. Similarly, as h, approaches zero, the 
parties’ private information does not im- 
prove their prior information about the arbi- 
trator’s ideal settlement, so H in (6) and (7) 
is hh, /(h+h,), which is indeed the limit of 
H’ ash, approaches Zero.” 


One other limit also bears consideration. As h, 
approaches infinity, the arbitrator perfectly infers not 
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IV. Learning in Conventional Arbitration 


This section analyzes a model of conven- 
tional arbitration in the economic environ- 
ment specified in Section II. The analysis 
focuses on a continuum of payoff-equivalent 
separating equilibria. In each of these equi- 
libria, the arbitrator perfectly infers the par- 
ties’ private information (s,) from their offers 
and then uses this information and the signal 
(s,) to compute a posterior belief about the 
State (s) and to impose whatever settlement 
maximizes expected utility given this belief. 
The parties understand that the arbitrator 
will draw an inference from the offers and so 
consider the payoff from misleading the 
arbitrator when choosing their offers, but 
find it optimal not to submit misleading 
offers. 

The timing of the game is as follows. First, 
the parties observe s, and the arbitrator 
observes s,. Second, the parties simulta- 
neously submit offers, y, and y,. Third, the 


= arbitrator imposes whatever settlement max- 


imizes E.[v,Cy, 5)|Sq. Yes Yu} AS in the previ- 
ous section, the arbitrator is assumed to be 
unable to commit to a decision rule in ad- 
vance. It will become clear below, however, 
that in this model of conventional arbitra- 
tion the arbitrator would not value the op- 
portunity to commit to a decision rule: each 
of the continuum of sequentially rational 
decision rules associated with the continuum 
of separating equilibria described below 


only s, but also s from the average of the parties’ offers. 


Given. perfect information about s, the arbitrator’s 
private signal s, becomes irrelevant in determining the 
arbitrator’s ideal settlement, and this eliminates the 
parties’ uncertainty. about the arbitrator’s ideal settle- 
ment. Recall that as the analogous uncertainty disap- 
pears in Farber’s complete-information model, the par- 
ties’ equilibrium offers converge to the mean of the 
distribution of the arbitrator’s ideal settlement. (For- 
mally, as H approaches infinity, the equilibrium offers 
given in (6) and (7) converge to M.) Interestingly, as h, 
approaches infinity, H’ does not approach infinity 
(rather, it approaches k,), so the equilibrium offers 
given by (26) and (27) in the private-information model 
do not converge. This happens because (as noted above) 
(21) and (22) imply that the arbitrator chooses y, if and 
only if są < Ï, independent of the value of A,. Thus, as 
hy approaches infinity, s, serves as a tie breaker in the 
arbitrator’ s decision rule even though it is irrelevant to 
the arbitrator’s inference process. 
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would be an optimal rule if the arbitrator 
could commit. 
The crucial difference between this model 


of conventional arbitration and the previous © 


section’s model of final-offer arbitration is 
that here arbitration is modeled as a cheap- 
talk game: the parties’ offers are not directly 
relevant to any. player’s payoff; they matter 


-only indirectly through the information they 


convey:* In this case, it is natural in the 
model (as well as faithful to the institutional 
details of arbitration) to envision party i’s 
offer as a long speech that ends “and that is 
why an appropriate settlement is y,” Final- 
offer arbitration is not a cheap-talk game 
because one of the parties’ offers must be 
chosen as the settlement, and so directly 
affects payoffs. Similarly, conventional arbi- 
tration would not be a cheap-talk game if 
the offers- in the arbitration game were con- 
strained to be the parties’ last offers in a 
prior bargaining game, because such offers 
could. have been accepted and would then 


have directly affected payoffs.’ An important 


problem for future research will be to embed 
the arbitrator’s learning problem studied here 
in a two-stage model that begins with a 
bargaining stage and then proceeds to an 
arbitration. stage if the parties do not negoti- 
ate a settlement in the first stage. 

All cheap-talk games share two distinctive 
features. The first is that in any cheap-talk 
game there exists a trivial equilibrium in 
which no communication occurs. In such an 
equilibrium in the conventional arbitration 
model, the arbitrator expects there to be no 
information in either party’s offer and so 
pays no attention to either offer when choos- 


*See Vincent Crawford and Joel Sobel (1932) for the 
seminal work on cheap-talk games. 
Thus, in this paper, the parties’ offers in arbitration 
need not be identical to their last offers in a prior 
bargaining game. This flexibility arises if (as is required 


‘in some contracts) the bargaining record has been sealed 


and is unavailable to the arbitrator. Also, it will become 
clear below that the incentive for the parties to make 
concessions in arbitration can be quite strong, perhaps 
stronger than the analogous incentive in bargaining. 
Therefore, even if the bargaining record has not been 
sealed, the last offers from the bargaining game may be 
sufficiently far apart that they have no bearing on the 
parties’ choices of offers in arbitration. 
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ing a settlement, and each party is content to 


choose an offer at random because no offer _ 


has any effect on the arbitrator’s settlement. 
Note well, however, that in this equilibrium 
the arbitrator’s ideal (and imposed) settle- 
ment is independent of the parties’ offers. 
Since such independence is not observed in 
the data, this no-communication Senn 
1s suspect. 

The second distinctive- feature of: all 
cheap-talk games is that, given a fixed 
cheap-talk game, any perfect Bayesian equi- 
librium (separating or otherwise) is associ- 
ated with a class of payoff-equivalent- perfect 
Bayesian equilibria that differ only by a 
translation: since.messages are costless, the 
information communicated in any given 
equilibrium also can be communicated in 
other payoff-equivalent equilibria that differ 
only in the language used to comimunicate. 
This accounts for the great multiplicity of 
payoff-equivalent separating equilibria men- 
tioned above. 

This section’s model of conventional arbi- 
tration is a cheap-talk game with a third 
distinctive feature: neither party alone can 
achieve any communication with the arbitra- 
tor, because each party’s preferences over 
settlements are independent of ‘the state of 
the employment relationship. (The employer 
simply seeks to minimize the arbitrator’s ex- 
pected settlement, while the union seeks to 
maximize it.) This section demonstrates, 
however, that together the parties can achieve 
perfect communication: There exist separat- 
ing perfect Bayesian equilibria in which the . 
parties’ offers perfectly reveal s, to the arbi- 
trator. 

One method for extracting a iele piece 
of information from two informed agents is 
to ask each to make a claim about the infor- 
mation and to shoot them both if their claims 
disagree. This method is not feasible in the 
arbitration model analyzed here, however, 
for two reasons. First, the arbitrator’s power 
is limited to imposing a transfer between two 
risk-neutral parties, so outcomes that are 
Pareto-inefficient for the two parties are im- 


See Ehud Kalai and Robert Rosenthal (1979) for a 
more careful (if less dramatic) statement of this result. 
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possible. And second, the arbitrator’s behav- 
ior must be sequentially rational: given any 
pair of offers ( y,, y,) and any signal (s,), the 
arbitrator must formulate a belief about the 
parties’ private information, p(Sp|5,, Yes Yu)» 
_ and act optimally given this belief. 

In spite of the facts that Pareto-inefficient 
outcomes are impossible and that the arbi- 
trator must be sequentially rational, the arbi- 
trator can extract s, from the parties. The 
crucial feature of the model that drives this 
result is that the parties’ information (s,) is 
correlated with the signal from the arbitra- 
tor’s investigation (s,), because both are 
noisy estimates of the underlying state of the 
employment relationship (s). 

-` To understand this result, it is helpful to 
consider the intermediate case in which 
Pareto-inefficient outcomes are impossible 


but sequential rationality is not required. In _ 


this case, the following scheme induces 
truth-telling: ask each party for a claim about 
Sp, if they disagree, then compare each 
party’s claim about s, to the signal s, and 
enforce a large transfer to the party who 
seems to have made the more reasonable 
claim from the party who seems to have 
made the less reasonable claim. Given any 
correlation between s, and s,, there exists a 
sufficiently large transfer such that truth-tell- 
ing is the unique equilibrium of this scheme. 
Furthermore, this scheme may not be unrea- 
sonable in practice: The arbitrator gives both 
parties the opportunity to present their cases 
fully and to challenge assertions in the other’s 
case. Afterward, when all the cards are 
supposed to be on the table, the arbitrator 
asks the parties whether they can now re- 
solve their dispute. If they cannot, then the 
arbitrator (thinking that reasonable people 
should by this point agree) conducts an in- 
vestigation, compares the result to the par- 
ties’ claims, and throws the book at the party 
who seems to have made the less reasonable 
claim. 

It is simple to extend the spirit of this 
scheme to the model of conventional arbitra- 
tion studied here, in which the arbitrator’s 
behavior must be sequentially rational. The 
argument relies on the fact that in a perfect 
Bayesian equilibrium of the conventional 
arbitration game, the arbitrator’s belief off 


(29) M(s,|k)= 
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the equilibrium path is unrestricted. This 
freedom ensures that there exists a belief off 
the equilibrium path that makes it sequen- 
tially rational for the arbitrator to enforce 
the required transfer if the parties disagree. 
There is a close relationship between the 
incentives created in a conventional arbitra- 
tion game in which the arbitrator uses the 
scheme described above and the incentives 
created in a final-offer arbitration game: the 
size of the transfer and the conditions under 
which it is awarded to one party or the other 
in the conventional arbitration game are 
analogous to the gap between the offers and 
the conditions under which the arbitrator 
chooses one party’s offer or the other’s in the 
final-offer arbitration game. In fact, the proof 
that there exists a continuum of separating 
perfect Bayesian equilibria in the conven- 
tional arbitration game with learning relies 


on the construction of the following con- 


tinuum of final-offer games without learning. 

Recall that in Section I the arbitrator’s 
ideal settlement was denoted by z, and the 
parties’ shared belief about z was denoted 
by F(z). Suppose instead that for some fixed 
ke [0,1] the arbitrator’s ideal settlement is 


(h+h,)s,—khm 


(28) z(s,|k) = (l—k)h+h 


Note that if the ideal settlement is given by 
(28) then there is nothing the arbitrator needs 
to learn from the parties: s, completely de- 


termines the arbitrator’s ideal settlement, in- 


dependent of s,. In this case, the only role 
for s, is to help the parties forecast z(s,|k), 
just as in the derivation of (17) and (18) 
above. Given s,, the parties’ shared belief 
about z(s,|k) is normal with mean M(s,|k) 
and precision H,, where 


l—-k)hm+h s 

(-k)hm + hys, and 
(l-k)h+h, 

h,[(l-k)h+h,|° 


(30) (h+h,)(h+h,+h,) 


H, = 


From (6) and (7), the parties’ equilibrium 
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offers in this model of final-offer arbitration 
without learning are 


(31) y,(s,|k) =M(s,|k) +f = and 


M(s, |k) “am 


These equilibrium offers from the final-offer 
game without learning will turn out to be 
identical to the equilibrium offers in this 
section’s model of conventional arbitration 
with learning! 

Imagine that in the model of conventional 


(32) vse) = 


| arbitration with learning, the arbitrator be- 


lieved that the parties’ offer strategies were 
(31) and (32). The arbitrator could then in- 
vert the offer strategies so as to interpret the 
offers as implicit claims about the parties’ 
information. Given the offer y, from the 
union, for instance, the arbitrator could solve 
(31) for Sp to arrive at the implicit claim that 
the parties’ private information is 


(33) Spu( Julk) = o( y, — y1/2H;lk), 


where 


(34) o(x|k) =x+ 


(1—k)h 
a (xm) 


solves M(s,|k) =x for s,. Similarly, given 


the offer y, from the employer, the arbitrator 
could solve (32) for s, to arrive at the im- 
plicit claim that the parties’ private informa- 
tion is 


/7/2H, |k). 


(35) spel elk) =o[ y,+ 


Note that if the parties’ offers are in fact 


determined by (31) and (32) then these im- 
plicit claims will be identical even though 
the offers are not. If the implicit claims 
agree, as they will in equilibrium, then it is 
natural for the arbitrator to believe the com- 
mon claim. Everything hinges, however, on 
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what the arbitrator believes when the im- 
plicit claims disagree. 

Suppose. that after observing the signal Sy 
and the offers y, and y, the arbitrator ar- 
rives at the point estimate Sp Sp Ves 
Yus Sq). Then sequential rationality dictates 
that the arbitrator impose the ideal settle- 
ment MpalSp( Yes Yio Sa) Sa] from (12), or 


(36) Val Yes Yus Sa) 


_ him + hys (Yer Yur Sa) + hasa 
h+h,+h, 


It turns out to be more convenient to ex- 
press the arbitrator’s inference rule not as 
Sp( Yer Yws Sa) but as Me Yas Salk), where 
(29) yields 


(37) Me naja | 


fe = k)hm = h Sp (Yer Visita) 
(l-k)h+h, 


This last piece of notation makes it possible 
to state the section’s main result in a com- 
pact form. (The proof of the Proposition is 
given in Appendix II.) © 


PROPOSITION 2: For each k € [0,1] there 


exists a separating perfect Bayesian equi- 
librium of the conventional arbitration game. 


In each of these equilibria, the arbitrator’s 


ideal (and imposed) settlement is (36). For 


‘each fixed k, the parties’ offer strategies are - 


(31) and (32), and the arbitrator’s inference 
rule is 


M( Ya» Yus Salk) 


Yu if Spel Yelk) Spul Yulk) 
and z(s,|k) > J, 

if Spe (Yelk) = Spu(Yulk), 

e E Spe Welk) # Spul lk) 
and z(s,|k) < J. 


ii 
Net Set] 


` Given k, the arbitrator’s ideal settlement can 
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be written 
i khm+h,s, 
Ya= 4.4 t-a), where 
p,- hm + hys, Me 
(1-—k)h+h, 
(l1-k)h+h, 
ee h+h +h, 


Several observations about this plethora of 
equilibria are in order. First, as noted earlier, 
all of the equilibria described in the Proposi- 
tion are payoff-equivalent: even though 
changes in k affect both the mean of and the 
distance between the parties’ offers, dif- 
ferences in k are simply differences in the 
languages used to communicate.’ Second, 
two values of k are simple to interpret: 
k=0 and k =1. When k = 0, (29) becomes 
M(s,|k) = M,(s,), so in equilibrium the 
arbitrator interprets y as the parties’ expec- 
tation of, s given s,. When k =1, (29) be- 
comes M(s,|k)=s,, so in equilibrium the 
arbitrator interprets y as s, itself. Third, in 
the separating equilibrium with k=0 the 
parties’ offers in conventional arbitration are 
identical to their offers in the separating 
equilibrium in final-offer arbitration de- 
scribed in Section HI. And fourth, in each of 
these separating equilibria the arbitrator has 
themaximum amount of information in im- 
posing a settlement. Thus, for any k, the 
decision rule described in Proposition 2 
would be an optimal rule if the arbitrator 
could commit. 


V. Relationship of the Learning Models to 
the Empirical Literature 


This section describes the connections be- 
tween the empirical literature on arbitration 
and the separating equilibria of the learning 
models developed in Sections III and IV. As 
described above, much of the empirical work 


"In fact, the argument above holds for any k€ 
(— 00,00) except for k=h+h,/h, although extreme 
values of k imply that a, is outside [0,1]. 
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on arbitrator behavior assumes that the arbi- 
trator’s ideal settlement is given by the 
weighted average in (1). Propositions 1 and 2 
describe equilibria in which the arbitrator’s 
behavior takes exactly this form. This paper 
thus provides a structural interpretation for 
the empirical literature’s reduced-form 
model: in both conventional and final-offer 
arbitration, the arbitrator’s ideal settlement 
depends on the parties’ offers because the 
offers convey information, and the impor- 
tance of the offers (as measured by a) in- 
creases as the importance of this information 
increases relative to the publicly observable 
information and the arbitrator’s independent 
investigation (i.e., as A, increases relative to 
h and h,). 

The existing empirical literature also has 
generated several other stylized facts, be- 
yond the significance of a in (1). One 
such stylized fact is that the arbitrator’s 
ideal settlement is identical in the two 
forms of arbitration; see Ashenfelter-Bloom 
and Farber-Bazerman. The separating equi- 
libria in the learning models analyzed here 
are founded on just such an invariant notion 
of an ideal settlement: under any form of 
arbitration, if the arbitrator perfectly infers 
s, from the parties’ offers then the ideal 
settlement is M,o(Sp, Sa) given in (12). 

A second stylized fact is that the parties’ 
offers are more important in the arbitrator’s 
decision making (i.e., a is higher) when they 
are closer together; see Farber-Bazerman. 
The separating equilibria in both Sections 
III and IV predict that a should be higher 
when the offers are closer together, but sug- 
gest that this need not be a causal relation- 
ship. Consider Proposition 1, for instance. 
Note that œ increases with A,. In equi- 
librium, the difference between the offers in 
(26) and (27) is y27/H' , where H’ is given 
by (25) and also increases with h,. Thus, an 
increase in A, results in both an increase in 
a and a decrease in the difference between 
the offers, thereby producing the observed 
correlation. The causal story behind the 


"The precise relationship between a and (y, — ye) is 
a=29/h,(y,— ye). Apparently the parameter A, can 
be identified econometrically from this relationship. 
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correlation is as follows. The arbitrator puts 
more weight on the parties’ offers when the 
parties’ information is known to be more 
precise, and hence more valuable in the arbi- 
trator’s inference process. At the same time, 
when the parties’ information is more pre- 
cise, the parties’ belief about the arbitrator’s 
private signal, s,, is more precise, and this 
causes the parties to submit offers that are 
closer together. 

The model of final-offer arbitration devel- 
oped in Section III does not correspond well 
to one other stylized fact: Ashenfelter and 
Bloom find that the union’s offer is selected 
as the settlement more than half the time in 
New Jersey police-officer disputes, while 
Ashenfelter, James Dow, and Daniel Gal- 
lagher (1986) find that the union’s offer is 
selected less than half the time in Iowa pub- 
lic-sector disputes; in Section III, the parties’ 
offers are equally likely to be selected. 
Farber’s model of final-offer arbitration 
without learning allows the parties to differ 
in their risk aversion. The more risk-averse 
party prefers to submit a conservative offer 
with a large probability of being chosen 
rather than an aggressive offer with a small 
probability. It would be interesting to know 
whether a learning model with parties of 
differing risk aversion could integrate these 
empirical findings on offer-selection frequen- 
cies with the role of the parties’ offers in the 
arbitrator’s inference process emphasized 
here. 


VI. Extensions 


Although this paper satisfies three of the 
conditions that will be required of a com- 
plete theory of arbitration, much work re- 
mains to be done. This section is limited to 
describing two extensions of the models 
analyzed above and to providing further dis- 
cussion of the paper’s two most important 
assumptions. 


A. Comparing Conventional and 
Final-Offer Arbitration 


This paper analyzes conventional and 
final-offer arbitration within a single eco- 
nomic environment. The obvious next step is 
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a welfare comparison of these and other 
forms of arbitration. Unfortunately, the 
model analyzed here is not rich enough to 
make the comparison interesting. First, be- 
cause the parties are risk-neutral and have 
strictly opposed preferences, any preference . 
by one party for one form of arbitration 
would be exactly reversed for the other party. 
And second, the arbitrator clearly cannot 
improve upon the separating equilibrium in 
conventional arbitration, where the ideal set- 
tlement is based on full information and the 
actual settlement is unconstrained. 

A more interesting comparison might arise 
if the parties were risk-averse. If a separating 
equilibrium exists in conventional arbitra- 
tion when the parties are risk-averse then 
this will again be the arbitrator's preferred 
form of arbitration. The parties, however, 
might find that final-offer arbitration offers 
better insurance than conventional arbitra- 
tion does. If the parties are allowed to choose 
the form of arbitration then the arbitrator’s 
preference for conventional arbitration may 
be overridden. k 


B. Modeling Other Forms of Arbitration 


Ashenfelter, Dow, and Gallagher study an 
interesting variant of final-offer arbitration 
that is practiced in Iowa. The rules are as 
follows: first, an arbitrator, acting as a fact 
finder, suggests a settlement; then the parties 
either accept the settlement or continue their 
dispute and submit offers; finally, if the dis- 
pute continues then a second arbitrator 
(drawn from the same pool as the first) 
chooses one of the parties’ offers or the fact 
finder’s proposed settlement. 

It is straightforward to extend the model. 
described in Section III in order to analyze 
this version of final-offer arbitration. Sup- 
pose the fact finder’s investigation yields the 
signal s,;=s-+e,, where e; is normal with 
zero mean and precision h, and is indepen- 
dent of the other random variables in the 
model. Then (as in the conventional-arbitra- 
tion model of Section IV) the fact finder’s 
proposed settlement should be y,-(s,)= 
M,(s,), given by (10). The rest of the model 
is as before, except for two changes. First, 
both parties and the second arbitrator up- 
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date their beliefs after observing the fact 
finder’s proposal. And second, the second 
arbitrator now has a third choice in the 
feasible set of imposed ‘settlements. 
Ashenfelter, Dow, and Gallagher (1986) 
argue that the “extent to which the second 
arbitrator does not concur in the fact finder’s 
proposal is an obvious measure of the degree 
of arbitral uncertainty that exists in the sys- 
tem” (p. 2). While this interpretation is cer- 
tainly plausible, the disagreement between 
arbitrators also may reflect the second arbi- 
trator’s learning from the parties’ offers. 


C. Commitment by the Arbitrator 


One of the important assumptions in this 
paper is that the arbitrator is unable to com- 
mit ex ante to a decision rule, even though 
this might induce a socially desirable out- 
come of the negotiation and arbitration pro- 
cess. This assumption seems to represent ob- 
served practice accurately: arbitrators do not 
commit to decision rules before the parties 
make their offers. On the other hand, the 
assumption ignores the important possibility 
that an arbitrator might develop a reputation 
in the course of repeated play. The arbitra- 
tor-selection mechanisms described and ana- 
lyzed by Bloom and Christopher Cavanagh 
(1986a, b) will play an important role in the 
eventual analysis of such dynamic games. 
Because the complete dynamic analysis is 
likely to be difficult, however; it would be 
worthwhile to analyze the models that com- 
plement those in this paper—static models 
in which the arbitrator is allowed to commit 
to a decision rule ex ante. As noted in Sec- 
tion IV, each of the continuum of decision 
rules described there is an optimal rule if the 
arbitrator can commit in conventional arbi- 
tration. The nature of the optimal rule under 
commitment in final-offer arbitration is an 
open question. 


D. Arbitration Between Parties with 
Symmetric Information 


The second important assumption in this 
paper is that the parties have symmetric 
information about the state of the employ- 
ment relationship. It seems likely, instead, 
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that each of the parties will have private 
information about some aspects of the em- 
ployment relationship. Such an information 
asymmetry between the parties may in- 
fluence both the means and the substance of 
the parties’ equilibrium communication with 
the arbitrator; this is another direction for 
further work. Perhaps more importantly, it 
prompts the question of how the parties 
came to be in arbitration. 

The theory of bargaining under symme- 
tric information, due to John Nash (1950) 
and Ariel Rubinstein (1982), suggests that 
negotiations should not fail when informa- 
tion is symmetric, especially when the arbi- 
tration game that follows failed negotiations 
imposes costs (such as the arbitrator’s fee) 
on the parties. This does not imply, however, 
that the prospect of arbitration has no effect. 
Crawford (1982a), for instance, analyzes the 
way arbitration changes the threat point in a 
Nash-bargaining .game: arbitration has an 
effect.even though the bargainers never fail 
to settle. Crawford’s, analysis involves mod- 
els of conventional and final-offer arbitration 
without learning; it would be interesting to 
know what new effects arise when learning is 
introduced. For example, when the realiza- 
tion of the state is extreme; and so an ap- 
propriate settlement is unattractive to one 
party, the fact that learning links the arbi- 
trated settlement to the state implies that the 
disadvantaged party cannot escape from an 
unattractive negotiated settlement through 
arbitration by an uninformed arbitrator. 

Thus, the prospect of arbitration between. 


parties with symmetric information can have 


an effect even if the parties never enter arbi- 
tration. Furthermore, in richer models than 
those developed by Nash and Rubinstein, 
disputes can occur between parties with 
symmetric information. Crawford (1982b), 
for instance, formalizes Thomas Schelling’s 
(1956) view that bargaining is a struggle 
between the bargainers to commit them- 
selves to favorable positions. Attempts at 


‘commitment are uncertain to succeed, but 


are irreversible if they do. If only one party’s 
attempt succeeds then that party wins a 
favorable negotiated settlement, but if the 
parties are both committed to incompatible 
positions then negotiations fail and arbitra- 
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tion may occur. A model based on these 
ideas can produce disputes between parties 
with symmetric information, but more work 
needs to be done in modeling the process of 
commitment. 

One intriguing approach to modeling the 
process of commitment emphasizes the idea 
that the parties are groups rather than indi- 
viduals; see Richard Walton and Robert 
McKersie (1965). A union leader, for exam- 
ple, can try to incite and yet control the rank 
and file, but internal politics and group dy- 
namics may make the rank and file’s reac- 
tions beyond the union leader’s control. In 
this case, the union leader may become com- 
‘mitted in the sense envisioned by Schelling 
(1956) and Crawford (1982). Alternatively, 
when the parties are groups a dispute may 
occur because of asymmetric information 
between them about features of their rela- 
tionship that are of no concern to the arbi- 
trator, including perhaps the career concerns 
of individual negotiators. In this case, with 
regard to the learning in the arbitrator’s 
inference problem the parties are appro- 
priately viewed as having symmetric infor- 
mation, even though asymmetric infor- 
mation on another dimension caused the 
dispute. These possibilities suggest that it 
may be a mistake to take too literally models 
that approximate a firm and a union as 
single-agent bargainers. 


APPENDIX I 


This appendix establishes the global optimality of the 
-~ offers that satisfy the first-order conditions (6) and {7), 
(17) and (18), (26) and (27), and (31) and (32). An 
explicit proof is given for the union’s offer specified in 
(6). All the other cases are analogous. 

Let the union’s expected payoff given in (2) be de- 
noted 


(Al) U(yulve) = YeF (¥) + yl- FOI, 


where y= (y, + y,)/2 is the average of the offers and 
F(z) is the normal distribution with mean M and 
precision H. In this notation, the first-order condition 
(4) is simply U’(y,|y,) =0, where the prime denotes a 
derivative with respect to y,, and 


(A2)_U'(yly-) =D- FG) 1-30, - %) £0). 
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The goal of this appendix is to prove that y,=M 
+7/2H achieves the global maximum of U(y,|y.*), - 
where y* = M-/a/2H from (7). 

It suffices to prove that U is quasi-concave in y, 
when y,= y*. This is done in two parts. The first 
establishes that U is concave for y, €[y.*, M+ D], 
where D > 0. And the second establishes that U” < 0 for 
Yu €(M+d,o0), where 0<¥27/2H <d< D. (Recall 
that union offers below the employer's offer are subopti- 
mal for the union, and so need not be considered here.) 

The concavity of U on'{y*, M+ D] follows from 
evaluating U” on this interval: 


(A3) U" (wl) 


df (¥*) 
dz ’ 





1, 
= — f(¥*)- Our Ye) 


where p*=(y, + y*)/2. For the normal distribution 
with mean M and precision. H, 


AOS err 
-2g Ht MYL), 90 


(A4) U" (yl ye") 
mæ H a — 
=A -147 Ou 92 I MY}, 
which is negative for 


2} = 2 
(y,-M) < abt sa = D^. 


The negative slope of U on (M + d, co) follows from 
a simple inequality: 


(A5)  H(J*- M)[L- F(5*)] < £5"). 
This inequality follows from integrating. (x — y*) f(x) 
over (}*,oo) when x is normal with mean M and 


precision H. Given (A2) and (A5), it suffices to show 
that 


(6) Gu HM) >=, 


which holds for 


1 T 
~M)y>—|4+—|=d?. 
(A7) (y,~ M) A| 4 


APPENDIX H 


This appendix proves Proposition 2. The proof that the 
arbitrator's strategy is a sequentially rational best re- 
sponse to the parties’ strategies is simple. Using (37), 
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the inference rule M(y,, Ya Salk) given in Proposition 2 
can be expressed as the inference rule s,(y,, Yus Sa) 
used in (36). This inference rule is clearly correct in 
equilibrium and is well defined off the equilibrium path; 
given this belief, (36) guarantees sequential rationality. 

The proof that the parties’ strategies are best re- 
sponses to each other and to the arbitrator’s strategy is 
slightly more involved. The central point is that out of 
equilibrium in the conventional-arbitration game, it is 
as though the arbitrator makes the parties play a 
final-offer game that has a unique Nash equilibrium that 
yields both parties the expected payoff M(s,|k), which 
equals their equilibrium expected payoff in conventional 
arbitration. Consider the payoff to, say, the employer 
from submitting an offer different from the equilibrium 
offer given by (32). (A deviation by the union is analyzed 
symmetrically.) By hypothesis, the union’s offer will be 
given by (31), so any deviation by the employer will 
cause 5,.(y,[k) #5,,(¥,|K). This in tum causes the 
arbitrator to use one of the two out-of-equilibrium parts 
of the inference rule M(y,, y,,5,|k) specified in the 
Proposition 2. Therefore, the problem of finding the 
optimal misleading claim, s,,, for the employer to sub- 
mit in the conventional-arbitration game is equivalent 
to the problem of finding the optimal offer, y., for the 
employer to submit in the final-offer game analyzed in 
the text. But the solution to this second problem is 
given by (32) and yields a payoff identical to the em- 
ployer’s equilibrium payoff in the conventional-arbitra- 
tion game. Thus, no deviation is profitable. 
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` Market Incentives for Safe Commercial Airline Operation 


By SEVERIN BORENSTEIN AND MARTIN B. ZIMMERMAN* 


Airlines are insured against most direct costs of an accident, but they cannot 
insure against demand loss. Our estimation of deviations from expected demand 
following accidents finds little or no effect prior to airline deregulation and weak 
indication of a response to recent crashes. These results are consistent with the 
changes in an airline’s equity value following an accident, which are statistically 
significant, but quite small relative to the total social cost of the accident. 


Central to the debate over’ the need for 
government regulation of product safety is 
the incentive that the private market provide 
for producing safe goods and services. This 
incentive comes from the costs imposed upon 
firms responsible for unsafe products. With 
the economic deregulation of airlines, the 
industry has become a focus for this debate. 
Some argue that increased competition may 
lead airlines to skimp on investments in 
safety.' Others respond that airline safety is 
still monitored by the Federal Aviation Ad- 
ministration (FAA) and that the private 
market discipline unsafe operations, as well. 
Using a sample of nearly all fatal U.S. air- 
line accidents between 1960 and 1985, this 
paper attempts to quantify the costs that 
airlines incur due to crashes. The potential 
costs include those due to loss of life and 
equipment, tort liability, increased regula- 
tory oversight, and loss of demand as con- 
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Northwestern University, and an anonymous referee. 
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Kowalski, Sue Majewski, Vivian Murai, M. Nimalen- 
dran, Bruce Schillo, Jon Western, George Wisnewski, 
and especially, Jamie Seguino. Any remaining errors are 
our own. 

Nancy Rose, 1988, addresses this question directly 
by examining the relationship between safety record 
and an airline’s financial health. 
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sumers turn away from products perceived 
to be unsafe. 

We begin by examining the losses incurred 
by shareholders when a major accident oc- 
curs. Airlines carry insurance against many 
of the costs of a crash, such as equipment 
loss and tort liability. Hence, the decline in 
firm value comes from those losses that are 
uninsured and from the increased insurance 
costs that might result as insurance compa- 
nies update their information about the 
safety of a particular airline or of the indus- 
try in general. 

A potentially important uninsured loss is 
the reduction in demand that an airline might 
suffer. Consumers may respond to an acci- 
dent in several different ways. If they inter- 
pret the news as evidence that flying in gen- 
eral is more dangerous than previously 
thought, total industry demand may decline. 
To the extent that all airlines suffer from one 
carrier’s accident, the firms have an interest 
in enforcing common safety standards. If, 
however, the information is interpreted as 
firm-specific, demand for the involved airline 
may fall while total traffic of competing air- 
lines increases as passengers switch carriers. 
Finally, consumers may exhibit little or no 
reaction to an accident, either because they 
believe that there is no new information in 
the event, or because the change in their 
subjective probabilities of an accident has 
very little effect on the overall value they 
receive from the product. 

We find that an airline’s shareholders suf- 
fer a statistically significant wealth loss when 
the airline experiences a serious accident. 
The average loss in equity value, however, is 
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much smaller than the total social costs of © 


an accident, reflecting the fact that airlines 
are insured against many of the costs of a 


crash. This result is also consistent with our . 


finding of little or no effect of an accident on 
demand. Prior to deregulation, the demand 
that a carrier faced was virtually unaffected 
when it experienced an accident. We find 
some evidence of demand effects in the 
post-deregulation period, but the statistical 


significance of this result is weak. Finally, in . 


both the pre- and post-deregulation periods, 
there appears to be very little evidence of an 
externality effect, positive or negative, caused 
by one airline’s accident on the demand for 
other carriers’ services. 


I. Previous F iisi of Market Incentives 
for Safe Products 


Several studies have examined incentives 
provided by the private market for safety in 
autos, pharmaceuticals, and air travel. Steven 
Crafton, George Hoffer, and Robert Reilly 
(1981), and Reilly and Hoffer (1983) exam- 
ined the effect of product recalls-on the 
demand for automobiles. Their research sug- 
gests that in the month after a product recall 
the demand for the model type subject to the 
recall is reduced. Further, they found that 
similar-sized models of other producers are 
also adversely affected by the product recall. 
They did not, however, examine the persis- 
tence of the effect and the cost to the auto- 
mobile manufacturer. 

Gregg Jarrell and Sam Peltzman (1985) 
studied the loss to shareholders from a prod- 
uct recall. Using data for the automobile and 
pharmaceutical industries, they examined 
equity value changes associated with the an- 
nouncement of a product recall. Their analy- 
sis suggests that recalls lead to substantial 
wealth loss for shareholders of the firms 
involved. They found that the total loss sus- 
tained due to recalls far exceeds the readily 
available estimates of the direct costs of the 
recall. They attributed this large difference 
to loss of goodwill, for example, the decline 
in future expected demand, but they did not 
measure such losses directly. They also found 
that the financial losses spill over to compet- 
ing firms not directly involved in the recall. 
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Jarrell and Peltzman’s results relating to the 
auto industry, however, have been called into 
question recently by Hoffer, Stephen Pruitt, 
and Reilly (1988), who found that the results 
are very sensitive to sample selection and 
econometric technique. 

A number of previous studies have exam- 
ined the effect of airline accidents on the 
equity value of airlines and aircraft manu- 
facturers. Andrew Chalk (1986, 1987) exam- 
ined the effects of commercial air crashes on 
the value of the firm that manufactured the 
aircraft. The first paper studied the effect of 
a single crash, the American Airlines DC-10 
accident in Chicago on May 25, 1979. Fol- 
lowing the accident, McDonnell-Douglas 
suffered a loss of about $200 million, which, 
Chalk concludes, exceeds any reasonable es- 
timate of regulatory or liability costs. The 
results suggest that the market anticipated a 


decline in future sales of McDonnell-Doug- | 


las aircraft.” 

Chalk’s second paper studied a set of 76 
accidents, comparing the change in the man- 
ufacturer’s equity value following each of 23 
crashes that were possibly due to defects in 
the aircraft (“suspect. cases”) with the value 
change after the 53 accidents that were due 
to other causes. He found significant effects 
when the manufacturer may-be at fault, but 
no change when the accidents are clearly 
attributable to other factors. In the 19 sus- 
pect cases that involved aircraft still in pro- 
duction, the manufacturer’s equity value de- 
clined by an average of $21 million. Chalk 
compared the loss in firm value of these 19 
accidents with the four suspect cases that 
involved aircraft no longer in production. 
The results are not significant for the latter 
group, from which Chalk concluded, some- 
what tentatively, that the change in firm 
value in the 19 “in-production” cases is 
driven in part by ex xpectations of lost future 
sales of the aircraft. 


? We find that the effect of this accident on American 
Airlines was much smaller than Chalk’s estimate for 
McDonnell-Douglas and the effect on American was 
not Statistically significant. 

3A statistical test for the difference in means between 
the 19 suspect “in-production” cases and the 4 suspect 
“past production” cases fails to reject the hypothesis 
that the means are equal. 
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Two recent papers examine the airline eq- 
uity value response to crashes. Don Chance 
and Stephen Ferris (1987) and Mark Mitchell 
and Michael Maloney (1988) each looked at 
samples of fatal accidents from the 1960s 
through the mid-1980s. Each study found 
statistically significant effects of the crashes 
on the stock of the airline involved. Chance 
and Ferris found no statistically significant 
effect of crashes on other airlines. Mitchell 
and Maloney distinguished between crashes 
that are the airline’s fault and those that are 
due to some other cause. For the 31 crashes 
in their sample that were the airline’s fault, 
they found a statistically significant 2.2 per- 
cent decline in equity value (2 post-crash 
trading days). For 18 crashes that were not 
the airline’s fault, they found a 1.2 percent 
decline in equity value (2 post-crash trading 
days) that is not statistically significant.‘ 
Mitchell and Maloney looked more closely 
at the impact of accidents on insurance pre- 
miums and concluded that changes in insur- 
ance rates explain about 34 percent of the 
loss in equity value. The remainder they 
attributed to expected loss of consumer de- 
mand. 

Several of these studies attribute much of 
the lost firm value to declines in future de- 
mand for the firms’ products. In this paper, 
we examine directly the consumer response 
to airline accidents and attempt to measure 
the financial loss suffered by shareholders 
because of the consumer demand response. 
We find small and statistically insignificant 
demand changes following an accident and 
show that little if any loss of airline equity 
value following accidents can be reliably at- 
tributed to consumer response. Further, 


“From these results, they conclude that crashes only 
affect equity value when the accident is the airline’s 
fault. However, their reported standard errors indicate 
that a test for differences in means would fail to reject 
the hypothesis that the average decline in equity value is 
the same for fault and non-fault accidents. 

°Mitchell and Maloney take issue with our conclu- 
sions, arguing that one would not expect to see changes 
in quantity. Rather, they assert, one would see airlines 
respond to a decline in demand by lowering price, either 
directly to the consumer or indirectly with increased 
travel agent commissions, or by increasing quality, for 
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when the proportional stock value changes 
are translated into changes in total firm value 
(dollar value changes), it becomes clear that 
the losses to airlines are quite small. 


H. “Rational” Consumer Responses to 
Airline Accidents 


The reaction that one would expect from a 
consumer following an accident will depend 
on her prior distribution of beliefs about 
airline safety. If the distribution were massed 
at a single point, no updating would occur. 
The absence of response in this case would 
be a result of the consumer’s strong beliefs 
that an airline is safe. If the individual’s 
priors are more diffuse, however, updating 
from a single crash or a series of accidents is 
more likely. 

Table 1 presents an example of such 
Bayesian updating where the consumer be- 
lieves that the airline is probably “safe” 
(probability of a fatal accident is 1 in 500,000 
for each flight, about equal to the average 
rate in the 1970s), but might be “unsafe” 
(probability of a fatal accident is 1 in 
100,000), and she is able to update her be- 
liefs based on a sample of 200,000 flights 
(which would be 1 year of operations for 
a medium-sized major airline). Table 1 
demonstrates that weaker prior beliefs about 
the safety of an airline can lead to significant 
updating based on accident rates that are 


example with greater flight frequency, better-quality 


food, or more courteous flight attendants. We control 
for price changes, though they are unlikely to matter 
much under regulation, because prices were set exoge- 
nously by the Civil Aeronautics Board (CAB) and 
changed infrequently. Likewise, during the regulation 
period from which most of our sample is drawn, travel 
agent commissions were set by the CAB. Though flight 
frequency on a given route may be altered in the short- 
run, systemwide flight frequency for an airline is con- 
strained by its total fleet size, which cannot be changed 
substantially in 3 to 4 months without high transaction 
costs. Though we are unable to control for food quality 
or employee courtesy, a demand response that could be 
offset by such changes would not be a significant change 
to begin with. 

SAt this rate of operations, a “safe” carrier would 
average one fatal accident every 2 1/2 years and an 
“unsafe” airline would average 2 fatal accidents per 
year. 
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TABLE 1—EXAMPLE OF BAYESIAN UPDATING FROM ACCIDENT RECORD 


916 
Pr(safe)* = 0.9 
Pr(Unsafe)° = 0.1 
Number of 
Accidents in 
One Year 
0 Pr(Safe) = 0.978 
Pr(Unsafe) = 0.022 
1 Pr(Safe) = 0.899 
Pr(Unsafe) = 0.101 
2 Pr(Safe) = 0.641 
Pr(Unsafe) = 0.359 
3 Pr(Safe) = 0.263 
Pr(Unsafe) = 0.737 
4 Pr(Safe) = 0.067 


Pr(Unsafe) = 0.933 


Prior Beliefs 


Pr(Safe) = 0.99 . 
Pr(Unsafe) = 0.01 


Posterior Beliefs 


Pr(Safe) = 0.998 


Pr(Unsafe) = 0.002 


Pr(Safe) = 0.996 
Pr(Unsafe) = 0.010 


Pr(Safe) = 0.951 
Pr(Unsafe) = 0.049 


Pr(Safe) = 0.797 
Pr(Unsafe) = 0.203 


Pr(Safe) = 0.440 


_ Pr(Unsafe) = 0.560 


Pr(Safe) = 0.999 
Pr(Unsafe) = 0.001 


Pr(Safe) = 1.000 
Pr(Unsafe) = 0.000 


Pr(Safe) = 0.999 
Pr(Unsafe) = 0.001 
Pr(Safe) = 0.995 
Pr(Unsafe) = 0.005 


Pr(Safe) = 0.975 
Pr( Unsafe} = 0.025 


Pr(Safe) = 0.888 
Pr(Unsafe) = 0.112 


Note: Updating based on accident record in 1 year, assumed = 200,000 flights. 
““Safe” = A 1 in 500,000 probability of a fatal accident on any flight. 
“Unsafe” = A 1 in 100,000 probability of a fatal accident on any flight. 


actually observed for some airlines. Further- 
more, the likelihood of significant changes in 
one’s beliefs is much greater if multiple acci- 
dents are observed in a sample period. 

The small consumer response that we have 
estimated could be a result of strong prior 
beliefs about the safety of air travel or con- 
fidence that the FAA will react to an acci- 
dent with much closer monitoring. Alterna- 
tively, the weak reaction is also consistent 
with a significant change in subjective proba- 
bilities, but a low marginal valuation of 
safety. Because flying is an extremely safe 
form of travel, increases in the perceived 
danger. of flying may have little effect on a 
consumer’s expected cost of travel. The de- 
crease in expected consumer surplus due to a 
substantial increase in subjective accident 
probabilities may still leave most of an air- 
line’s customers with positive consumer sur- 
plus from the product. The data do not 
allow us to distinguish among these possible 
explanations for weak demand responses to 
accidents. 


M. Method of Study 


The first part of this research examines the 
effect of an airline accident on the equity 


value of the airline. Drawing on the efficient 
markets literature (Eugene Fama, Lawrence 
Fisher, Michael Jensen, and Richard Roll, 
1969), the change in equity value associated 
with an airline accident is taken as an unbi- 
ased estimate of the financial consequences 
of the accident. The market model is used to 
separate out changes in value caused by 
overall market effects from those changes 
caused by the accident itself. 

The normal relation between the returns 
to a given stock and the market is given by 


(1) R p= at BR int + Eje 


The parameter 8; measures the sensitivity 
of the jth firm’s return, R jo tO Movements 
in the market index, Rn and is equal to £ 
of the Sharpe-Litner capital asset pricing 
model. The term £;R,,, is the portion of the 
return to security j on day ż that is due to 
marketwide factors. The parameter a, mea- 
sures that part of the average daily return on 
the stock that is not due to market move- 
ments. Lastly, e, measures that part of the 
change in the value of firm j’s stock on day 
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t that is not due to either movements in the 
market or to the firm’s average daily return.’ 

On the day of an event, the deviation in 
an individual stock’s daily return from what 
is expected based on equation (1), that is, the 
prediction error, is taken as an unbiased 
estimate.of the financial effects of the event. 
Let PE stand for this prediction error: 


(1’) PE, = Rp a; — bR m 


jt 
where a, and b, are, respectively, the esti- 
mates of a, and “B; 

The average abnormal daily return forall 
accidents in the sample is calculated along 
with two measures of its statistical signifi- 
cance.’ The first measure of significance ag- 
gregates into a single portfolio the abnormal 
returns of all airlines experiencing an acci- 
dent for the day of each firm’s crash. It then 
uses the daily variance of returns on this 
portfolio to calculate a t-statistic. Assuming 
that the N abnormal returns are indepen- 
dently distributed, the formula for this t-sta- 
tistic is given by 


INPE 


(2) => 
yz VAR( PE) 


where VAR(PE,,) is the variance of the pre- 
diction error for firm j taken from the mar- 
ket model regression of equation (1). 


"The market model regressions were estimated using 
-the 280 trading days before the accident. If 280 days of 
trading data before the date of the accident were not 
available, the model was estimated using the n days of 
data available before the accident and 280—n days 
- beginning 40 days after the accident. The market return 
variable used was the equally weighted index. In a 
number of cases, the 280 days for one firm’s market 
regression included an accident by another firm. The 
bias from such an overlap is almost surely negligible, 
however, because even the own-firm effects are found to 
last only one or two days, and because Chance and 
Ferris find the cross-airline equity value effects to be 
insignificant. See Section V, Part E. 

The day of the crash is counted as the first day of 
trading on the information if the crash occurred before 
3 P.M. New York City local time and it was a trading 
day. Otherwise, the first day of the effect was taken to 
be the next trading day. 
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The second significance test calculates a 
t-statistic for each firm’s abnormal return for 
each accident-day. The sum of these individ- 
ual t-statistics follows a distribution that is 
asymptotically normal with mean zero and 
variance equal to the number of observa- 
tions. The z-statistic for the average is then 
the sum of the individual t-statistics divided 
by the square root of the number of observa- 
tions. This test attributes less weight to ob- 


servations of firms with a high variance in 


returns and is therefore less sensitive to dis- 
tortions from very noisy observations. The 
formula for this z-statistic is 


(3) a EN PE VAR(PE;) ) 


The share of the financial losses that can 


_be attributed to demand response is exam- 


ined in the following manner. For every air- 
line for -which sufficient monthly traffic data 
can be obtained, a demand function is esti- 
mated during months unaffected by the air- 
line’s accidents. Demand is modeled as a 
function of price, income, a time trend, and 
seasonal (dummy) variables. The month in 
which an airline experiences an accident and 
the three following months are excluded from 
the estimation of these parameters. The devi- 
ation of actual demand from predicted de- 
mand in these four monthly periods is the 
measure of demand response to the accident, 
and is estimated directly using dummy vari- 
ables for each of the months. The function 
estimated for each firm during each time 
period is 


(4) nRPM,=),+ot+a,in P, 


ii 
+ Bin I,+ 2, Yika 


fos] 


L; L. 
PE 2, bmnE 


ilk Ý Ejt 
i=l k=0 


where: 


RPM, = Revenue passenger miles for firm j 
in month ¢. 


918 THE AMERICAN ECONOMIC REVIEW 


t=The number of the month within 
either the 72- or the 96-month sam- 
ple period (see Section IV). 

P, = Average revenue per passenger-mile 
(yield) for firm j in month 7. 
I,=U.S. Personal income in month 1. 
F.,=Eleven seasonal dummy variables, 
each of which takes on a value of 
one in month i and zero otherwise, 

February omitted. 

Ci, =A vector that takes on the value 1 
in the kth month after the /th crash 
that firm j experienced during the 
time period and zero otherwise. 
(k = 0 refers to the month in which 
the crash occurred.) 

A, =The estimated constant term for 
firm j. 

ġ; =The estimated time trend for 
firm J. 

a, = The estimated price elasticity of de- 
mand faced by firm j. 

8, =The estimated income elasticity of 

demand faced by firm /. 

=The estimated natural log of the 

proportional deviation of demand 
from the base month (February) in 
month / for firm j. 


Y ji 


ki 
prediction error of the regression 


for demand k months after crash / 
experienced by firm j during the 

time period. 
Equation (4) is estimated for each airline 
separately.” The equation is estimated for 
each of four time periods using a Cochrane- 


* Though the structure of the model appears to allow 
for use of Zellmer’s seemingly unrelated regressions 
technique, its use in this case would distort estimation 
of the effect of a crash. Unless one is willing to assume 


away externality effects on demand, correcting the esti- 


mated parameters for firm j, which experiences a crash 
at time ft, based on the residuals in the estimates of 
other firms’ demand functions at time ¢ will inappropri- 
ately dampen (or enhance, if the externality effect is 
positive) the estimated effect of the crash on the de- 
mand faced by firm j. Zellner’s SUR could be used if 
one excluded from all firms’ regressions the periods 
following any firm’s accident. This would eliminate too 
many of the observations to make demand estimation 
possible. 


ô = The natural log of the proportional 





Orcutt procedure to correct for serial corre- 
lation in the disturbances. For the three time 
periods during which the airline industry 
was regulated by the CAB— 1960—65, 66-71, 
and 72—77-—price is treated as an exogenous 
variable. During these years, price was deter- 
mined by regulators and it is assumed that | 
price did not respond to short-run demand 
changes. Beginning around 1978, however, 
airlines were given much greater pricing free- 
dom that ultimately led to complete deregu- . 
lation. For this latter period, 1978—85, the 
demand equation is also estimated by two- 
stage least squares (2SLS). The instruments 
for price include the exogenous variables 
listed above and an index of airline costs 
that is described in the Data Appendix. 

Analogous to the significance test of stock 
movements, we use two different approaches 
to test the significance of the impact of acci- 
dents on demand in the month of the crash 
and the three succeeding months. In each of 
the four post-crash months, we calculate the 
average of the estimated log proportional 
impact of a crash from the estimates of the 6 
parameters.’® We also calculate the standard 
error of this estimate of the mean and per- 
form a t-test of whether the log deviations 
from predicted demand in the months of the . 
crashes and the first, second, and third fol- 
lowing months are statistically different from 
Zero. 

As with the financial market study, such 
t-tests of the mean can be very sensitive to a 
few high-variance estimates. Again, this leads 
to the alternative calculation of a z-statistic 
for a test of statistical significance. For the 
“portfolio” of accidents, the following z-sta- 


ln the two-stage least squares demand estimation 
for the deregulation period, there is a technical issue of 
whether one should use the residuals from the second- 
stage estimation (with p as a right-hand side variable) 
or, having estimated the parameters of the demand 
function, one should calculate the residuals from the 
expected quantity using the actual values of the endoge- 
nous variable, p. The latter approach would yield esti- 


„mates of the proportional change in the quantity de- 


manded due to the accident, while the former approach 
gives the proportional shift in the demand function. We 
use the former approach and thus measure the propor- 
tional change in quantity for a given price. 
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tistic is calculated for the month of the crash 
and each of the three succeeding months: 


_ dpe Dy Lial m/Y VAR (Bin) ) | 


Xj; 


J 


(5) 


where j indexes firms, / indexes crashes, k 
indexes the month following a crash, J is 
the number of airlines experiencing at least 
one crash during the period, and L, is the 
number of crashes experienced by airline j. 
These tests attribute less weight to estimated 
demand effects from airlines with more 
volatile demands. . 

For each accident, the four monthly devia- 
tion parameters, 6, through 6,, can be trans- 
lated into percentage deviations from pre- 
dicted demand. The sum of these percentage 
deviations indicates the magnitude of the 
. total lost demand as a percentage of one 
month’s traffic. This interpretation is not 
exact, because demand fluctuates seasonally 
and cyclically, so the percentage deviations 
in each of the four months are not deviations 
from the same predicted level. Still, the sum 
gives an indication of the overall demand 
effect of an accident. 

Following estimation of the demand re- 
sponses, an attempt is made to explain the 
variation in responses. The estimated ô, 
coefficients are regressed on a set of vari- 
ables explaining the magnitude of the de- 
mand effect during each month k after the 
crash. The explanatory variables are the 
number of fatalities (FATAL), the size of 
the airline as measured by revenue passen- 
ger-miles flown in the month before the crash 
(RPMLAG), whether the airline was primar- 
ily responsible for the accident (FAULT), 
the day of the month on which the crash 
occurred (DATE),"! the recent accident 
records of the firm (FATSUMOWN), and 


“if the demand impact decays monotonically over 
time, one would expect this variable to be positively 
correlated with the month-of-crash impact and. nega- 
tively correlated with the impact during all later months. 
These signs may seem counterintuitive because a larger 
crash effect is a more negative abnormal demand. 
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the industry (FATSUM),” and two mea- 
sures of the extent of newspaper coverage of 
the crash. These measures are the number of 
days of front page coverage (PAGEI) and 
the total number of articles appearing in the 
New York Times in the two weeks after the 
crash (ART).” 

The regression of the estimated demand 
effects, 5j, on causal variables allows calcu- 
lation of a fitted value for demand change. 
The fitted value, §, yik, along with the quantity 
that is actually sold, can be used to calculate 
the quantity that the model would have pre- 
dicted in the absence of the accident. The 
difference between the predicted and the ac- 
tual quantity is an estimate of the loss in 
passenger traffic due-to the crash.'* This loss 
multiplied by the average yield (price) in the 
period is an estimate of revenue loss at- 
tributable to the accident.’ The estimated 
revenue loss is then used as an independent 
variable in regressions that explain the 
change. in the airlines’ equity value. The 


fitted value for the demand response 


(REVCHFIT ) is used in order to purge the 
estimate of errors due to nonsystematic in- 
fluences on demand experienced in the 
months after a crash.'® 

Because the dependent variable in this 
procedure is the stock movement for the first 
and second trading days following the acci- 
dent; estimates by traders of the likely de- 


. mand impact of a crash can only be based 


More precisely, these are the number of fatalities 
for, respectively, the firm and the industry in the 365 
days prior to the accident. 

3Because crashes in New York are covered more 
extensively by the Times than crashes elsewhere, news- 
paper coverage variables for New York crashes are 
taken from the coverage of the Chicago Tribune. 

“RPM — RPM = RPM-(8,, /(.+ Sx) where Ê 
is the estimated percentage change in demand, bjk = 
exp tjix . me 

‘In the deregulated period, the traffic loss is multi- 
plied by the fitted price, p, from the first stage of the 
two-stage least squares demand estimation procedure. 
Due to the brief time period over which the demand 
response seems to persist, when it is evident at all, we 
ignore the effect of discounting in analyzing the impact 
of lost revenue on the present value of future profits. 

té Essentially, this.is an instrumental variables proce- 
dure to correct for errors in a right-hand side variable. 
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on information available at that time. Thus, 
the extent of newspaper coverage in the fol- 
lowing two weeks and whether or not the 
accident was primarily the carriers fault 


are excluded as instruments in forming’ 


REVCHFIT."’ © 

The variables used to estimate the § jik 
explain the variation in demand response 
rather poorly. Hence, revenue changes calcu- 
lated from the actual estimated demand de- 
viations (REVCHACT  ) are also used to ex- 
plain the change in firm value. The results do 
not differ substantially for the REVCHACT 
and REVCHFIT variables. To obtain the 
dependent variable in these regressions, the 
percentage financial losses, as measured: by 
the market model residuals, are converted to 
an absolute dollar loss. These losses are then 
regressed on the estimated loss in revenue 
and on other factors reflecting the direct 
costs of an accident.. 

The last issue addressed is the externality 
effect, the impact of one airline’s accident on 
the demand faced by other airlines and on 
the equity values of other airlines. The ap- 
proach is quite similar to the own-firm anal- 
ysis. The abnormal return on equity for all 
major airlines other than the one experienc- 
ing the accident is estimated for the accident 
day and the following day. Similarly, the 
deviation from predicted demand for all 
other airlines in the month of the accident 
and the following month is calculated.!® The 
residual from a carrier’s demand equation in 
the month of another airline’s crash is the 
best estimate of the impact of another car- 
rier’s accident on the quantity sold by the 
first airline.’? Test statistics for demand and 


Uin place of the newspaper variables described 
above, a dummy variable for page 1 coverage on the 
day following the accident was used, Although the 
cause of the accident is occasionally known by investi- 
gators within the 48 hours following the accident, it is 
rarely stated publicly with any degree of certainty dur- 

ing t this time. 

Because we found very little evidence of a demand 
externality in these périods, we did not extend the 
analysis for later months. 

In the demand analysis, months in which other 
airlines experienced accidents are not excluded from the 
estimation of an airline’s demand functions. Because 


DECEMBER 1988. 


financial effects, analogous to the test statis- 
tics for own-firm effects described above, are 
then calculated. 


IV. Description of the Sample 


The base sample from which all the analy- 
sis is drawn is every accident aboard a U.S. 
certificated air carrier”? from 1960 to 1985. 
involving at least one on-board fatality and 
some damage to the aircraft. Demand or 
stock market data were not available for 
every firm at all times during the 26-year 
period, however, so the demand and finan- 
cial studies omit some of these accidents. 
Table 2 lists all accidents included in either 
the demand or the financial analysis. 

Only accidents occurring between 1962 
and 1985 are included in the estimation of 
financial losses associated with airline acci- 
dents. This time period is chosen in order to 
allow use of the daily stock returns tape of 
the Center for Research in Security Prices 
(CRSP) of the University of Chicago. Use of 
this data source also limits the investigation 
to firms listed on either the New York or 


_ American Stock Exchanges. Seventy-four ac- 
’ cidents met these criteria, but 7 were elimi- 


nated from the regression of value loss on 
injuries and revenue loss, because there was 
insufficient demand data to allow estimation 
of the effect of the crash on demand.” 


these observations are included, problems would arise if 
there were a significant demand ‘externality and/or if 
other airlines’ crashes were correlated with variables in 
the demand regressions. The combination of these two 
factors would create omitted variable bias in the param- 
eter estimates for the included variables. In fact, acci- 
dents are not significantly correlated with any included 
variables. Even without such a correlation, omitting 
consideration of a demand externality, if it were pre- 
sent, would bias the reported standard errors in the 
demand regressions. As discussed in Section V, Part E, 
we find very little evidence of a demand externality. 
“These are Part 121 certificated airlines and thus 


exclude air taxis and commuter operations. 


The dual conditions of on-board fatalities and air- 
craft damage eliminates from the sample those fatalities 
not directly related to air travel, for example, heart 
attacks, and fatalities o ground crew or other by- 
standers. 

In two of the seven cases eliminated; the same 
carrier had two crashes during the same month, so we 
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Date 


600106 
600317 
600523 
600722 
601004 


. 601028 


601216 
601216 
610128 
610711 
610721 
610901 
610917 
620301 
620522 
621019 
621123 
621130 
630129 
630212 
630603 
630702 
631208 
640225 
640312 
640709 
641115 
641123 
650208 
650816 
650917 
651108 
651111 
651204 
660806 
661115 
661120 
670309 
670330 
670623 
670719 
671106 
671121 
671221 
680503 
680612 
680810 
681025 
681212 
681224 
681226 
681227 
690106 
690118 
690726 
690909 
691119 
701114 
710331 
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Aircraft 


DC-6B 
L-188C .. 
Convair 880 
DC-3 

L-188 

DC-4 
L-1049 
DC-8 

B-707 | 
DC-8 

DC-6 

L-049 
L-188C 
B-707 
B-707 
Convair 440 
Viscount 
DC-7 
Vickers 810 
B-720B 
DC-7 
Martin 404 
B-707 

DC-8 
DC-3C 


Viscount 745D 


Fairchild F-2 
B-707 331 
DC-7B 
B-727 

B-707 121B 
B-727 

B-727 
L1049C 
British AC 
B-727 
Martin M404 
DC-9 

DC-8 


British AC-111 


B-727 

B-707 
Convair 880 
DC-3C 
L-188 

B-707 
Fairchild 227 
Fairchild 227 
B-707 
Convair 580 
B-707 
Convair 580 
Convair 440 
B-727 

B-707 

DC-9 


Fairchild 227B 


DC-9 
B-720 


Damage 
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TABLE 2—-LISTING OF ACCIDENTS AND INCLUSION IN ANALYSIS 


VALCHI2 
($million) 


0.913 
3.603 
7.049 
— 0.083 
9,503 
OSL 
~ 0.224 
ea ey fe 
13.842 


— 40.560 


— 5.003 
36.956 
— 26.997 
— 6.324 
— 18.300 


— 107.327 


— 8.668 
— 0.262 
52.299 


39.824 
— 51.000 
— 8.225 


— 20.959 
— 9.459 
— 2.302 

54.942 

— 32.354 


= 19.973 


— 107.342 


— 7.372 
137.813 


— 0.899 
19.255 
86.667 

5.114 

= 1.311 


— 8.751 
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TABLE 2--CONTINUED 


VALCH12 
Date Carrier Aircraft Damage FTL SER TOT ($million) Notes 
710607 AL Convair 580 D 28 3 31 — 2.833 i 
710725 > PA B-707 D 4 0 4 17.336 DE 
710904 AS B-727 D 111 0 ` 111 — 5.490 
720302 MK Fairchild 227B D 16 32 48 0.559 A 
720536 DL DC-9 D 4 0 4 29.440 E 
720625 NC Convair 580 D 8 0 8 X 
721208 UA B-737 D 43 12 60 20.356 
721220 NC DC-9 D 10 9 45 l X 
721229 EA L1011 D 99 60 176 — 168.905 
730722 PA B-707 D 78 1 79 9.175 
730723 OZ Fairchild 227B D 38 6 44 — 5.986 A 
730731 DL DC-9 D 88 1 89 — 88.244 
730927 . ` TX Convair 600 D 11 0 11 X 
731103 PA B-707 D 3 0 3 3.634 DE 
731103 NA DC-10 S 1 0 128 — 16.090 
740131 PA B-707 D 96 5 101 — 17.891 
740422 PA B-707 D 107 0 107 2.798 
740908 TW B-707 D 88 0 88 — 8.877 
740911 EA DC9-31 D 71 10 82 — 19.389. 
741201 TW B-727 D 92 0 92 3.794 
741201 NW B-727 D 3 0 3 18.236 E 
750624 EA B-727 D 112 12 124 0.933 
760405 AS B-727 D 1 11 50 — 2.927 
760427 AA B-727 D 37 19 88 15.719 
770327 PA B-747 D 327 55 396 — 7.481 
770404 SO DC-9 D 62 22 85 x 
771218 UA DC-8F D 3 0 3 2.309 E 
780118 FL DHC-6 D 3 0 3, — 0.535 E 
780301 CO DC-10 D 2 31 197 — 2.260 
780508 NA B-727 S 3 11 58 — 2.154 A 
780925 PS B-727 D 135 0 135 — 3.270 A 
781228 UA DC-8 D 10 23 198 — 46.282 
790212 AL Frakes M298 D 2 8 25. 1.206 
790525 AA DC-10 D 271 0 271 — 7.714 
791031 WA DC-10 D 72 13 89 — 1.065 
820113 AF 737-222 D 74 5 79 X 
. 820123 Wo DC-10 D 2 4 345 — 1.785 
- 820709 PA B-737-235 D 145 0 145 — 14.234 
820811 PA B-747 5 1 0 288 — 1.146 Q 
830109 ` RC Convair 580 S 1 1 33 — 7.410 
830111 UA DC-8-54F D 3 0 3 27.214 
- 850802 DL L-1011-385-1 D 134 15 164 — 27.142 


Notes. X = Insufficient equity price data to estimate equity value change. A = Insufficient demand data to estimate 
demand effect. O = Excluded from demand effect estimation due to complete overlap of observation with another 
‘accident by same airline. , 

D = Cargo, E = crew only, N = military charter. 
Damage Notes: D = Destroyed, S = Substantial, M = Minor. 

FTL = Fatalities; SER = Seriously injured; TOT = Total on board; VALCH 1/2 is in J anuary 1985 constant dollars. 
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TABLE 3— CARRIERS INCLUDED IN THE DEMAND AND/OR FINANCIAL STUDIES 


AA-—American FL— Frontier 
AF-—Air Florida MK — Mohawk 
AL—-US Air (formerly Allegheny) © NA~— National 
AS-~~Alaska Air NC—North Central 
BN -— Braniff NE-—~Northest 


BZ-—~ Bonanza 


CO-— Continental OZ—~ Ozark 
DL—Delta PA—Pan Am 
EA~~ Eastern PI-—Piedmont 


Estimation of the demand functions was 
broken into four periods, 1960-65, 1966-71, 
1972-77, and 1978-85. The first period cov- 
ers the time of transition from piston engine 
to jet aircraft. The next period was relatively 
stable in both prices and technology. 
The third period covers the time of the 
CAB’s Domestic Passenger Fare Investiga- 
tion (DPFI) as well as increased use of 
wide-bodied aircraft.” The final period is 
taken to be the deregulation era, though the 
exact starting date can, of course, be ques- 
tioned.” Although there are 27 airlines in- 
cluded in the demand study, every carrier is 
not included in every period. For an airline 
to be included during a period, data for at 
least 48 months of full operation during the 
period had to be available.” In the four 


eliminated the smaller crash from the sample. In both 
cases, the accident eliminated resulted in only one fatal- 
ity. In all but one case of less than complete overlap 
_ between two accidents by the same airline, the fact of 
the overlap was ignored. Essentially, this procedure 
overestimates the demand impact of accidents by at- 
tributing the joint effect of two crashes to each of the 
accidents. In the one such case that exists in the deregu- 
lation period, two Pan Am crashes in July and August 
1982, the latter accident, involving a bomb explosion 
that killed one person, was eliminated from the demand 
studies. Because we found no significant demand effect 
in the regulation period, we did not explore further 
corrections for the 4 overlap cases that occurred during 
this period. 

*2The DPFI was a wide-ranging investigation into 
airline prices that ran from 1971 to 1974. It resulted in 
the imposition of new and stricter policies on discount 
fares and route entry. 

*4The United Airlines crash on 12/18/77 is included 
in the deregulation period. 

Months in which a carrier experienced a labor 
strike were not considered full-operation periods. 


NW — Northwest Orient 


PS— Pacific Southwest Airlines 

RC—Republic 

RW—Hughes Air West 

 SO— Southern 

TW—TWA 

TX— Texas International (formerly Trans-Texas) 
UA— United 
WA— Western 
WO— World 


periods, there are respectively, 15, 14, 12, 
and 12 airlines that experienced accidents 
and for which sufficient data are available. 
Table 3 lists the airline carriers included in 
the demand and/or financial studies. 


V. Results of the Statistical Analysis 


A. The Average E ‘fect of Accidents on 
Shareholder Wealth 


Table 4 presents the average abnormal 
returns for the portfolio of 74 accidents in- 
cluded in the financial analysis from two 
days before news of the accident reaches the 
market to 14 days after. The column labeled 
“CAR” shows the cumulative abnormal re- 
turns for the accident day and the following 
trading days. The t- and z-tests are pre- 
sented for the daily and cumulative abnor- 
mal returns.” 

Crashes are associated with,.on average, a 
0.94 percent loss in the equity value of the 
firm on the first trading day. This loss is 
statistically significant at the 1 percent 
level.” The percentage of firms experiencing 


© Because there is little indication of an equity value 
effect after the first day and because the event window 
can be so confidently specified, we have not done cor- 
rections for the interdependence of daily abnormal re- 
turn estimates that may bias cumulative abnormal re- 
turn estimates over long event windows. See Michael 
Salinger, 1988. 

*7This proportional loss is in line with the first-day 
effect that Chance and Ferris found, —1.18 percent, 
and that Mitchell and Maloney, 1988, found —1.19 
percent, The differences are explained mostly by differ- 
ences in the sample. Ours extends back to include 
earlier accidents that either of the other works, but not 
forward past 1985. Eighteen accidents in our sample do 
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TABLE 4— FINANCIAL RETURNS ASSOCIATED WITH ACCIDENTS 
Percent 
Day AR - CAR Negative E T-CAR Z Z-CAR 
-2 -~ 00009 52.703 ~ 0.28 — .708 
~I .00104 52.703 314 — 0.22 

0 — 00940 — 00940 64.865 — 2.818 — 2.818 — 3.087 — 3.087 

1 — 00031 — .00971 52.703 — 093 — 2.059 — 108 ~~ 2.259 

2 .00098 — .00873 51.351 295 —1.511 .199 ~~ 1,730 

3 — 00102 — .00975 56.757 — 309 — 1.463 — 024 ~ 1.510 

4 — 00302 — .01277 62.162 ~ 910 —1.715 — 1.086 ~ 1.837 

5 .00090 — 01187 48.649 211 — 1.455 .069 -~ 1.648 

6 .00089 — 01098 54.054 267 — 1.246 434 ~ 1.362 

7 .00348 — .00750 50.000 1.050 —.795 .756 — 1.007 

8 .00075 — .00675 54.054 227 — .674 — 244 — 1.031 

9 — 00100 — .00775 52.703 — 302 = 132 — 300 ~ 1.073 
10 00541 — .00234 45.946 1.618 — 213 1,846 — 466 
11 — 00240 — .00474 55.405 —.716 — .410 — 874 ~ 699 
12 — .00031 — 00505 55.405 — 092 — 420 O16 — 667 
13 00075" — 00429 48.649 226 — 344 544 — 497 
14 — 00170 — 00600 54.054 ~— 510 — 464 — 513 — 613 


Notes: AR = Abnormal return; CAR = Cumulative abnormal return; SNEG = percent of firms with negative 
abnormal returns; T= t-statistic as described in text; 7-CAR = The t-statistic for the significance test on the 
cumulative abnormal returns; Z = z-statistic as described in text; Z-CAR = The z-statistic for the significance test on 


the cumulative abnormal returns. 


negative abnormal returns is high, 65 per- 
cent, which is statistically different from 50 
percent at the 5 percent level. It also appears 
that the information is, on average, totally 


absorbed in the stock price on the first trad- - 


ing day after the accident. Abnormal returns 
are small and mostly insignificant after that 
date. Of course, new information on particu- 
lar crashes often becomes available as the 
National Transportation Safety Board con- 
ducts its investigation. The average result 
means that the market forms an unbiased 
estimate of significant negative consequences 
as soon as the crash becomes known. 
Analysis in terms of the proportional 
change in equity value could be misleading, 
however, since debt /equity ratios vary sub- 
stantially across airlines and many firms have 
large holdings in non-airline industries. If 
most of the losses are direct costs from the 
accident, such as insurance deductibles or 


not appear in Mitchell and Maloney’s, while 4 in their 


sample are not included in ours. The sample used by 
Chance and Ferris is a subset of ours, but omits 25 
accidents that we include. 


co-payments, then the absolute loss of firm 
value is likely to be more systematically re- 
lated to crashes than the proportional loss. 
The average value loss on the first day infor- 
mation about a crash reaches the market is 
$3.67 million.” The estimated standard er- 
ror of this mean is $3.60 million, producing 
a t-statistic of — 1.03.7? The cumulative two- 
day loss averages $4.50 million, with a stan- 
dard error of $4.49 million and a t-statistic 
of —1.01. The range over these two days is 
much larger, however, going from a loss of . 
$169 million to a gain of $138 million. 
Clearly, in some cases news about the crash 


*8 This is in 1985 constant dollars, as are all monetary 
figures in this paper. These figures include only changes 
in the value of common stock. If the value of either 
preferred stock or bonds displayed systematic abnormal 
returns following accidents, these figures could underes- 
timate the total change in firm value. A large bias seems 
unlikely, however, because very few of these accidents 
posed any real threat to the long-term survival of the 
airline, 

°The z-statistic that results when each value change 
on the day of an accident is adjusted for the standard 
error in value change is the same as the z-statistic for 
the proportional change in Table 4, — 3.087. 
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coincides with other new information that 
has a positive effect on the valuation of the 
firm. 

Of the 74 accidents for which equity value 
data were available, 12 were crew-only acci- 
dents. These are accidents of major carriers, 
for example, Pan Am and United, but it is 


possible that they attract less attention from. 


potential passengers and from the FAA, if 
that agency is guided to some extent by 
public and congressional pressure. Eliminat- 
ing these from the sample increases the aver- 
ages substantially, as the average equity value 
effect of the 12 crashes removed is positive, 
though not significant. For the 62 accidents 
that had passengers on board, the average 
equity value loss on the first day is —1.29 
percent (f-stat: 3.58, z-stat: -—4.01), or 
— $6.58 million (t-stat: — 2.03). The average 
cumulative two-day loss is —1.48 percent 
(t-stat: —2.97, z-stat: —3.41), or —$9.97 
million (t-stat: — 2.30). These average equity 
losses, calculated with or without the crew- 
only accidents, are small relative to the so- 
cial losses of the airline accidents. The aver- 
age death toll in these accidents is more than 
40 and in most cases the aircraft destroyed 
was worth more than $10 million (1985 con- 
stant dollars). 


B. The Average Effect of Accidents 
on Demand 


The results of the four sets of demand 
regressions are summarized in Table 5. Since 
15 to 20 demand regressions were run for 
-each time period (one for each carrier with 
enough data for estimation within the pe- 
riod) and each included more than 15 right- 
hand side variables, the results have been 
summarized in order to make the presenta- 
tion manageable. The constant terms, trend 
terms, and seasonal dummy variables are not 
shown. The firm constants vary as one would 
expect; larger firms have larger constants. 
The trend terms vary by airline, but most are 
positive, particularly in the early periods. As 
expected, since the omitted month in the 
seasonal dummy variables is February, the 
trough in industry demand, most of the car- 
riers show greater demand in every other 
month and the highest in the summer 
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months. Some north-south carriers, for ex- 
ample, Eastern and National, consistently 
show a winter peak and lower demand in the 
summer months. 

Though the price and income parameters 
differ for each carrier, only the weighted 
averages of these estimates are presented 
(where the weights are the inverse of the 
variance of each parameter estimate) along 
with their standard errors. In the pre- 
deregulation periods, nearly all price elasti- 
city parameters are negative and the few 
positive estimates are insignificant. The 
average elasticities correspond roughly with 
previous estimates, though they indicate less 
price-elastic demand than earlier work.” The 
estimated pre-deregulation income elasticity 
parameters are consistent with previous 
studies. 

Using an industry cost-index as an instru- 
ment to identify the effect of price on quan- 
tity in the deregulation period, demand func- 
tions were estimated for 19 firms. Though 


the weighted average price elasticity is 


— 0.50, it was positive in 6 estimates, none 
statistically significant. The weighted average 
price elasticity estimate when the deregula- 
tion period demand functions are estimated 
by OLS is —0.62, with only one positive 
(and quite insignificant) estimate. To further 
check the sensitivity of the results to the 
price elasticity parameter, the demand func- 
tions were re-estimated restricting all firms’ 
price elasticities to be alternatively —0.5 and 
— 2. The results are changed only slightly, as 
discussed in footnote 35 below. 

The primary focus of Table 5 is the devia- 
tion from expected demand during the 
months following a crash. Due to the varia- 
tion among firms in the precision of the 
estimates, particularly in the two-stage least 
squares estimates of the deregulation period, 
we present both the unweighted average ef- 


This weighted average approach is identical to 
estimating the mean by running OLS on a constant and 
adjusting the regression for heteroskedasticity. 

*"See Richard Ippolito, 1981; Severin Borenstein, 
1983; David Graham, Daniel Kaplan, and David Sib- 
ley, 1983: and Steven Morrison and Clifford Winston, - 
1986. 
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TABLE 5— ESTIMATED IMPACT OF ACCIDENTS ON AIRLINE’S DEMAND 


1960-65: 31 Observations 


Weighted Average Elasticities (Standard Error) — Price: 


fects and the weighted average where the 
weights are again the inverse of the variance 
of each estimated effect. The latter approach 
seems to yield more reasonable results.** 


32-The weighted and unweighted average percentage 
demand deviations are obtained by taking the exponen- 
tial of the & parameter estimates. The t- and z-statistics 


1st month 2nd month 3rd month - 4th month Total 
Weighted Mean (in Percents) = 0.9 #1 —1.0 -1.3 — 4.3 
Mean — 0.6 0.4 | 3.0 7.0 9.8 
(t-statistic) (—0.48) (— 0.07) (0.68) (1.57) (0.68) 
[ z-statistic] { — 0.56] [ — 0.44] [— 0.08] [0.35] [—0.41] 
Weighted Average Elasticities (Standard Error}—Price: — 0.16 (0.04)—Income: 1.09 (0.23) ` 
1966-71: 26 Observations 

ist month 2nd month 3rd month 4th month Total 
Weighted Mean (in Percents) —0.1 — 2.5 0.0 1.3 ~ 1.4 
Mean (in Percents) —1.5 ~~ 3,1 0.3 1.0 —3.5 
(t-statistic) (—1.01) (~~ 1.60) (0.03) (0.35) (— 0.85) 
[ z-statistic] {—0.52] [~ 1.70] [0.03] [0.81] [ - 0.72] 
Weighted Average Elasticities (Standard Error)— Price: — 0.59 (0.07) —Income: 1.96 (0.26) 
1972-77: 21 Observations 

ist month 2nd month 3rd month 4th month Total 
Weighted Mean (in Percents) 0.1 0.6 Ri -0.2 i7 
Mean (in Percents) —0.3 — 0.2 — .04 —1,3 — 2.1 
(t-statistic) (— 0.33) (— 0.35) ‘(—0.47) .(— 0.85) (-— 0.75) 
[ z-statistic] fs ? [0.00] [0.11] [0.34] [— 0.42] [~- 0.36] 
Weighted Average Elasticities (Standard Error)—Price: ~ 0.29 (0.05)— Income: 0,70 (0.11) 
1960-77: 78 Observations . 

Ist month _ 2nd month 3rd month 4th month Total 
Weighted Mean (in Percents) —0.4 10 —0.1 —0.2 — 1.8 
Mean (in Percents} —0.8 ~ 0.9 1.1 2.8 22 
(t-statistic) (— 1.00) (~ 1.00) (0.39) (1.15) (- 0.14) 
[ z-statistic] [— 0.65] {—1.20] [0.14] [0.47] [— 0.86] 
1978-85: 13 Observations (OLS) 

' lst Month 2nd month 3rd month 4th month Total 
Weighted mean (in Percents) —1.4 we 5.2 =a] =3.9 15.3 
Mean (in Percents) —1.6 341 —1.6 >- ARO — 7.4 
(t-statistic) (—0.56) (—0.86) (—0.45) (—0.35) (— 0.86) 
[z-statistic] [ —0.80] [ — 1.63] [—1.26] [—1.05] [-1.77] 
Weighted Average Elasticities (Standard Error)—Price: ~— 0.63 (0.04)—Income: 0.46 (0.16) 

1978-85: 13 Observations (2SLS) l 
lst month - 2nd month 3rd month 4th month Total 
Weighted Mean (in Percents) —1.0 — 4.8 —4,7 —0.3 — 10.7 
Mean (in Percents) -1.3 — 4.9 ~ 1.0- 5.3 —~1.8 
_ (t-statistic) (— 0.09) (- 0.18) (— 0.06) (0.02) (— 0.06) 
[ z-statistic] [ - 0.36] {-0.93] [— 0.88] [— 0.21] [ - 0.64] 


— 0,50 (0.20i3—Income: 1.38 (0.37) 


The results are consistent throughout the 
pre-deregulation period. Accidents, even the 
most catastrophic ones, appear to have very — 


are calculated directly from the ô estimates. They are 
changed only slightly when they are calculated from the 
variances of the transformed estimates approximated 
from a first-order Taylor series. 
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small average effects on the demand that the 
airline faces.” None of these estimates is 
statistically different from zero. Even the 
most negative estimates are quite small rela- 
tive to the fluctuation caused by other fac- 
tors. As a point of comparison, the peak-to- 
trough seasonal variation in demand (with 
February being the trough and July or Au- 
gust the peak for most carriers) is estimated 
to average more than 30 percent during these 
periods. Furthermore, the standard errors of 
these demand regressions, which represent 
the random demand component, range from 
3 to 31 percent and average 9 percent. It 
seems clear that prior to deregulation, the 
effect of a crash on demand was quite small 
and was very difficult to distinguish from 
other factors that cause demand fluctuations. 

Since deregulation, consumers’ responses 
to crashes appear to have increased. These 
_ results must be qualified, however, because 
they are based on only 13 accidents, a small 
sample that may not be representative of the 
“typical” crash. Though the estimated ef- 
fects are generally not significant at conven- 
tional levels, the results indicate a pattern of 
negative response to crashes that tapers off 
after approximately two months.** The total 
loss of demand over the four-month period 
due to an accident is estimated to (weighted) 
average 10.7 percent of one month’s traffic 
when estimated by two-stage least squares. 
When the deregulation period: demand re- 
gressions are estimated by OLS, assum- 
. ing that price is exogenous, the estimated 
(weighted) average quantity effect of a crash 
is 15.3 percent of one month’s demand. The 
t-statistics for these estimates are not signif- 
icant, due in part to the large variance in 
demand for a few carriers. The z-statistics 
for the 2SLS and OLS estimates are —0.64 
and — 1.77, respectively, the latter being sig- 


3-The results are similar when the analysis includes 
only accidents in which there were 30 or more fatalities, 
as well as when the crew-only accidents are excluded. 

%4 Though the 1979 American Airlines DC-10 crash is 
in this group, it does not dominate the analysis. The 
estimated demand loss for that accident is about equal 
to the average for the sample of 13. 
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nificantly different from zero at the 10 per- 
cent level, using a one-tailed test.” 
The danger of inferring a systematic de- 


' mand response from these 13 observations is 


highlighted by a closer look at the accident 
of Air Florida in January, 1982. For many 
reasons, this crash of a Boeing 737 in Wash- 
ington, D.C., that killed 74 of the 79 people 
on-board seems to be among the most likely 
candidates for significant adverse consumer 
reaction. Air Florida was a new airline with- 
out an established safety record. The acci- 
dent was quickly and conclusively deemed to 
be the result of pilot error. Furthermore, the 
error was probably related to inadequate 
pilot training by the airline regarding flight 
procedures in subfreezing temperatures. 
Due in part to its location and the heroic 
rescues that took place, the crash received 
extensive media coverage, including mention 
during the President’s state of the union 
address two weeks later. Finally, most of Air 
Florida’s traffic was carried on the highly 
competitive routes between northeastern 
cities and Florida, so travelers could fairly 
easily switch airlines. Still, the cumulative 
abnormal demand in January through April 
of 1982 is estimated to be positive, though 
not significantly so. Despite a slumping 
economy and virtually the same prices as a 
year earlier, Air Florida carried 30 percent . 
more passengers in the first quarter of 1982 
than in the first quarter of 1981.*° 


35 Due to the question of the effectiveness of the cost 
index as an instrument in the 2SLS estimation, the 
demand equations were also estimated restricting the 
price elasticities to be alternatively, -0.5 and —2.0 and 
using the actual price as the right-hand side variable. 
The results are: 

Price Weighted Total t-statistic z-statistic 
Elasticity Total 

—0.5 —12.0 percent —1.2 percent ~-0.25 

—2.0 —23.2 percent —16.0 percent —1.49 


— 0.96 
—2.32 


Total Effect is as a proportion of one-month demand. 
air Florida did have lower-load factors in the first 
quarter of 1982 than a year earlier, but this appears to 
be due to an expansion of capacity that occurred at the 
end of 1981. The load factor for February and March 


1982 was above FEE before the 
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TABLE 6— ANALYSIS OF THE CAUSES OF DEMAND CHANGE 
Descriptive Statistics 
Standard iz 
Variable N Mean Deviation Minimum Maximum 
89 91 ~0.0155 0,118 —0.500 (0,294 
8, 91 — 0.0237 0.137 — 0.766 l 0.348 
8, 91 — 0.0004 0.133 — 0.483 0.538 
5, 91 0.0170 0.152 - ~0,273 0.924 
FATAL 91 46.0659 / 53,155 1.000 327.000 
ART 91 5.3846 6.555. 0.000 38.000 
PAGE] 91 0.9890 1.111 0.000 7.000 
RPMLAG (billion) 91 0.7420 0.794 0.003 3.206 
DATE 91 15.7582 9.294 1.000 31.000 
FATSUM 91 201.1319 108.998 0.000 454.000 
FATSUMOWN 91 11.3297 28.542 0.000 177.000 
FAULT 74 0.7703 0.424 0.000 1.000 
Observations: 91 
Dependent Variable: & ô, 8, . 8; . (XxX 1000) 
INTERCEPT — 4.176 20.885 24.174 $5,791 | 
(28.340) (33.600) (31.529) (30.164) ` 
FATAL — 0.088 0.039 — 0.183 —0.259 
(0.252) (0,300) (0.280) (0.266) 
ART 1.694 3.154 5.903? ‘2.246 
- (2.372) (2.833) (2.646) (2.503) 
PAGE! ~8.146 16.656 — 23.162 6.969 
(11.967) (14.823) (13.877) (13.063) 
RPMLAG 11.386 —15.072 ~13.121 ~ 10.627 
(13.534) (16.064) (15.0661) (14.589) 
DATE 0.097 — 0.332 0.683 0.936 
(0.852) (1.004) (0.940) (0.905) 
FATSUM —0.038 — 0.084 ~ 0.133 0,107 
(0.090) (0.106) (0.099) (0.094) 
FATSUMOWN 0.323 0.043 — 0.042 0.130 
(0.325) (0.362) (0.328) (0.308) 
R-Squared 0.0285 0.0422 0.1100 0.0716 
Adjusted R-Squared ~ 0.0534 — 0.0386 0.0350 — 0.0067 
F(8,83) 0.348 0.522 1.466 0.915 
P-value 0.9287 0.8167 0.1901 0.5003 


“Significantly different from zero at the 10 percent level. 


C. Explaining the Change in Demand 


The regressions of (log) proportional ab- 
normal demand on factors that plausibly 


crash and historically a month of high demand for 
north-south travel. January load factor was 1 percent 
below December. Industry output in the first quarter of 
1982 was also suppressed somewhat by the flight restric- 
tions that followed the strike and eventual firing of 
more than half of the nation’s air traffic controllers. It is 
unclear how much this affected Air Florida’s routes. 


affect the magnitude of the crash effect are 
reported in Table 6.7’ The only statistically 
significant estimate, the effect of the number 
of articles on 8,, is of the “wrong” sign, 
indicating that greater news coverage damp- 


37 These regressions are corrected for heteroskedastic- 
ity by dividing all variables by the standard error of the 
estimated §,, which is the dependent variable. The 
results are equally insignificant when this correction is 
omitted. 
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ens the negative impact of an accident on 
demand.’ This seems to be an aberration, 
however, and ART is not significantly corre- 
lated with 6,. In fact, none of the explana- 
tory variables is significantly correlated with 
the total (proportional) demand effect of 
crashes.°® 

The FAULT variable is not included in 
the Table 6 regressions, because we were 
able to reliably classify only 74 of the 91 
accidents as being the airline’s fault or not. 
When the regressions are run with only these 
74 accidents and FAULT is included, the 
estimates of its effect are positive—indicat- 
ing smaller demand reactions when the car- 
rier is at fault—but the associated t-statistics 
are all less than 1. 

As discussed in Section II, significant up- 
dating of prior beliefs may be much more 
likely to result from multiple accidents by 
the same airline than from a single accident. 
Yet, neither FATSUM nor FATSUMOWN 
are significant in the regressions.*? These 
variables indicate a run of accidents for the 
industry and the firm, respectively.*° 

These insignificant results are not surpris- 
ing for the pre-deregulation crashes, since 
there appears to be virtually no demand 
reaction in the first place. The 13 observa- 
tions in the post-deregulation period alone 
are too few to get meaningful results from a 
regression with eight right-hand side vari- 
ables. For these 13 observations, however, 
none of the potential explanatory variables 
is significantly correlated with any of the 
5, sS. 

Greater demand losses since deregulation 
are consistent with the more competitive en- 
vironment that now exists. Prior to deregula- 


The insignificant F-statistics for each of the regres- 
sion in Table 6 further indicate that the insignificant 
t-statistics are not due to multicollinearity. Though fa- 
talities, articles, and page 1 coverage are highly corre- 
lated with one another, none is consistently significant if 
the regression is run omitting the other two. 

Nor is either variable correlated with the propor- 
tional change in demands. 

Actually, these variables are the cumulative number 
of fatalities for the industry and the firm in the 365 days 
preceding the accident. Substitution of the cumulative 
` number of fatal accidents also yields insignificant re- 
sults. 
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tion, carriers faced less actual competition 
and virtually no potential competition. In 
the 1978-85 period, consumers had more 
airlines to choose from than in earlier years 
and could respond more easily to a crash by 
switching carriers. Such a substitution effect, 
if it existed, would manifest itself as a posi- 
tive change in the demand for competing 
carriers. Our analysis of the traffic of other 
carriers following a crash gives weak indica- 
tion of such an effect, as discussed in Section 
V, Part E below. Such a substitution effect 
might become apparent from a more de- 
tailed route-by-route study. Nevertheless, our 
estimates suggest that the revenue implica- 
tions of such a route-specific response would 
probably be small relative to the size of a 
major airline. 


D. Explaining the Change in 
Shareholder Wealth 


Table 7 presents an attempt to relate the 
loss in firm value to variables expected 
to influence the magnitude of that loss. 
VALCH] is the change in the total value of 
outstanding stock on the first day of the 
event. VALCHI2 is the cumulative change 
for the first and second day.” 

Direct costs—uninsured tort liability, lost 
equipment value, and expected changes in 
future insurance rates—are represented by 
the variable JNJ, which is the total number 
of people killed or seriously injured in the 
accident. The number of passengers seri- 
ously injured is included based on the obser- 
vation that a tort settlement or award for a 
permanently injured person is often as high 
or higher than for a wrongful death suit.” 


l These variables are constructed by multiplying the 
percentage change in the firm’s stock price on the day of 
the accident (or the next trading day, if the accident 
occurred after 3 P.M. New York time or on a day on 
which the stock exchanges were closed) and the succeed- 
ing day by the value of all of a firm’s outstanding 
common stock on the day before the accident. 

The capacity of the aircraft, CAP, was included as 
well in early specifications of the regression. CAP was 
intended to reflect the cost, direct and through experi- 
ence rated insurance, of losing the aircraft. The capac- 
ity, however, added very little to the explanatory power 
of the regression and, because of its high correlation 
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TABLE 7—-ANALYSIS OF THE CAUSES OF FIRM VALUE CHANGE 


Descriptive Statistics 


Standard 
Variable N Mean Deviation Minimum Maximum 
VALCHI] ($mi) , 67 -5.78 27.08 — 103.81 61.45 
VALCHI1?2 ($mil) 67 — 6.54 36.53 — 168.91 86.67 
REVCHACT ($mil) 67 — 18.04 132.66 — 732.97 458.42 
REVCHFIT ($mil) 67 — 12.02 53.10 — 243.58 126.81 
INJ 67 55.52 63.70 1 382 
Observations: 67 l 
Dependent Variable: VALCHI VALCHI VALCH12 VALCHI12 
INTERCEPT 0.260 0.205 | 0.560 0.585 
(0.419) (0.417) (0.651) (0.647) 
INJ — 0.038? — 0.0387 — 0.037% —0.037° 
(0.011) (0.011) (0.017) (0.017) 
REVCHACT — 0.001 0.018 
(0.016) (0.025) 
REVCHFIT 0.020 0.062 
(0.036) (0.056) 
R-Squared 0.1500 0.1539 0.0757 0.0858 
Adjusted R-Squared 0.1234 0.1274 0.0468 0.0572 
F(3,64) 5.647° 5,819? 2.621? 3.003? 
P-value 0.0055 0.0048 0.0806 0.0567 
Correlation Matrix 
VALCHI VALCHI2 INJ REVCHACT REVCHFIT 
VALCHI1 1.00000 0.82781 — 0.21830” — 0.01945 0.02186 
VALCHI2 1.00000 — 0.22258” — 0.01894 0.04276 
INJ 1.00000 0.03043 0.05051 
REVCHACT 1.00000 0.43743° 


“Significantly different from zero at the 5 percent level. 
Significantly different from zero at the 10 percent level. 


An estimate of indirect costs, that is, lost 
revenue, was derived from the estimated ab- 
normal demand that the airline experienced 
in the months following the crash. If, in fact, 
airlines adapt to lost demand in the short 
run, by canceling some flights for instance, 
then the revenue loss will overstate the lost 


with INJ, increased the standard error of the coefficient 
estimate on JNJ substantially. Therefore, the regres- 
sions presented here exclude CAP. The estimated effect 
of INJ should be interpreted as the impact of both tort 
liability and lost equipment, as well as the changes in 
the cost of future insurance against these losses. The 
multicollinearity in this relatively small sample does not 
allow one to separate these effects. 


profits due to demand loss. On the other 
hand, if the effect were to persist beyond the — 
three- to four-month ‘period that is posited 
here, the revenue loss in this period may 
understate lost profits. Still, one would ex- 
pect the coefficient on REVCH to be in the 
neighborhood of 1, a $1 drop in revenue 
from a short-run demand loss will generate 
roughly a $1 loss in profits. 

The change in firm value was regressed on 
the estimated Jost future revenue and the 
number of fatalities plus serious injuries.” 


“Because the volatility of airline stocks differs quite 
a bit among airlines, the residuals in such a regression 
would be expected to be heteroskedastic. The variables 


VOL. 78 NO.5 BORENSTEIN AND ZIMMERMAN: SAFETY IN AIRLINE OPERATION 931 


The sample for these regressions includes 67 
accidents, the intersection of the observa- 
tions used in the estimation of demand 
changes, and the observations available from 
the CRSP data base for equity value changes. 
Because the regressions of demand impact 
on causal factors exhibit very poor fits, 
we tried using alternatively the “actual 
predicted” revenue impact of each crash 
(REVCHACT ), based on 6,,,, as well as the 
“fitted predicted” revenue impact of each 
crash (REVCHFIT), based on ôg, in the 
regressions to explain changes in the equity 
value of firms due to accidents. 

Table 7 shows that neither REVCHACT 
nor REVCHFIT is significantly related to 
the change in firm value. Though the param- 
eter estimates are mostly positive, they are 
very small—indicating a decrease of be- 
tween zero and six cents in profits for every 
decrease of $1 in revenue—and statistically 
insignificant.“ The simple correlation be- 
tween each of these variables and the change 
in equity value is also small and not signifi- 
cantly different from zero. The number of 
fatalities plus serious injuries, INJ, does ap- 
pear to be a significant cause of the change 
in equity value. The parameter estimate in 
each of the VALCHI regressions is signifi- 
cant at the 1 percent level. The parameter 
estimates for this variable indicates an eq- 
uity loss of about $38,000 per life.” 


for each observation are divided by the square root of 
the product of the mean squared error from the stock 
market model regressions (equation (1)) and the value 
of firm’s outstanding equity on the day before the 
accident. This is not an exact correction. The true 
standard error of the predicted values includes terms of 
order 1/N that are ignored in this adjustment. 

The descriptive statistics in Table 7 indicate an 
average REVCHACT of —$18 million. This reasonably 
large negative mean results entirely from the deregula- 
tion-era accidents. The mean REVCHACT for all of 
the 78 pre-deregulation accidents for which demand 
effects were estimated is +$0.3 million, while the mean 
for the 13 post-deregulation crashes is — $91.1 million. 
Still, REVCHACT is uncorrelated with the value change 
in the deregulation era. All REVCH values for the 
post-deregulation accidents are calculated using the 6, 
values from the 25LS estimation of the demand func- 
tions. 

“The financial regressions were also run eliminating 
“crew-only” accidents. The results were not altered 


E. Externality Effects on Other Airlines 


One airline’s accident could affect other 
airlines through many different transmission 
mechanisms. The public could react to an 
airline’s crash by deciding that all air travel 
is less safe, or they could view the informa- 
tion as firm-specific and switch to other car- 
riers. In response to an accident, the FAA 
could make a change in regulations that 
would increase production costs for all air- 
lines, or it could redeploy its limited moni- 
toring resources to scrutinize one airline. more 
closely, thereby lessening surveillance of 
other carriers. The direct costs of a crash 
could increase the probability that an airline 
will go out of business, thereby increasing 
future sales for other carriers. i 

In both the pre- and post-deregulation 
periods, Table 8 shows very little evidence 
that the demand faced by one airline is 
affected by another carrier’s accident. For 
1960-77, the average estimated abnormal 
demand for other carriers after an accident 
is just slightly negative in the month of a 
crash and the following month. Neither esti- 
mate is significantly different from zero and 
a 95 percent confidence interval for each 
estimate of demand change as a fraction of 
monthly demand is wholly contained within 
(—2 percent, +2 percent). The results are 
similarly small in the post-deregulation pe- 
riod, though somewhat less tightly estimated, 
probably because the sample contains only 
13 accidents. Isolation of the eight accidents 
in which 100 or more people were killed 
yields weak evidence of a small positive ex- 
ternality during the month of the accident, 
though it appears to be offset somewhat in 
the following month. 

When one isolates the ten cases in which 
crashes were estimated to have had the 
largest proportional own-firm demand ef- 
fects, however, the average effect on other 
firms is significant and negative, —1.4 per- 
cent in the month of the crash and —0.5 


qualitatively. The effect of INJ on VALCHI is esti- 


mated to be about $37,000 and significant, while the 
REVCH variables are estimated to have a positive, but 
insignificant effect. 
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TABLE 8-— ESTIMATED IMPACT OF ACCIDENTS ON OTHER AIRLINES’ DEMANDS 


1960-77: 78 Accidents, 1116 Observations 


Weighted Mean Effect (in Percent) 

Mean External Demand Effect (in Percent) 
(t-statistic) 

{z-statistic] 


1978-85: 13 Accidents, 168 Observations 


Weighted Mean Effect (in Percent) 

Mean External Demand Effect (in Percent) 
(t-statistic) 

[z-statistic] 


8 Accidents with More Than 100 Fatalities, 140 Observations 


Weighted Mean Effect (in Percent) 

Mean External Demand Effect (in Percent) 
(t-statistic) 
[z-statistic] 


10 Accidents with Largest Own-Demand Effects, 176 Observations 


Weighted Mean Effect (in Percent) 

Mean External Demand Effect (in Percent) 
(t-statistic) 

[z-statistic] 


DECEMBER 1988 


lst month 2nd month 
—0.380 —0.235 
0.012 0.350 
( — 0.874) (0,412) 
[~~ 1.369] [—0.372] 
ist month 2nd month 
— 0.809 — 1.370 
1.860 2.748 
(- 0.319) (0.023) 
[— 0.789] [— 1.005] 
lst month 2nd month 
0.827 — 0.656 
1.578 — 0.452 
(0.866) (— 0.359) 
[1.531] { — 1.032] 
lst month 2nd month 
— 1.440 — 0.507 
0.692 2.951 
( —0.913) (0.854) 
[ ~ 2.262]* [0.747] 


Note: Effect of accidents during 1978-85 calculated from two-stage least squares regressions. 


“Significantly different from zero at the 5 percent level. 
Significantly different from zero at the 10 percent level. 


percent in the following month.*° One expla- 
nation for this result is that the crashes that 
have large own-firm effects also impose sig- 
nificant negative externalities on all other 
firms. An alternative explanation, however, 
is that both the own-firm and other-firm 
estimates of demand effects are being influ- 
enced by external factors unrelated to the 
accident that our demand regressions have 
not fully accounted for. Without including 
such variables in the demand regressions, 
which would be quite difficult, it is not possi- 


“6 These 10 cases represent 11 crashes, because in one 
of these cases 2 crashes occurred in the same month. 
These could include supply restrictions such as 
might be due to fuel rationing, a shortage of air traffic 
controllers, or limited. short-run availability of aircraft. 
External demand factors, such as the prices of alterna- 
tive modes of transportation or the presence or absence 
of demand stimulating incentives, for example, frequent 
flyer programs, could also have such industrywide ef- 
fects. 


ble to distinguish between these hypotheses 
from the demand data alone. Some informa- 
tion is provided, however, by examination of 
stock price behavior on crash days of unin- 
volved airlines. 

These ten events produce 160 observations 
on the movement of other airlines’ stock 
prices. On the first trading day associated 
with the accident the average equity value 
change of the other carriers is — 0.61 percent 
with a t-statistic of —1.70, a z-statistic of 
—2.29, and 63.1 percent negative stock 
movements. The average: second-day move- 
ment for other carriers is positive, +0.44 
percent, with a t-statistic of 1.24, a 1.48. 
z-statistic, and 43.8 percent negative. 


“8 By contrast, the own-firm effects for these 10 events 
were 


Day of Event: AR —1.29 percent t-stat— 1.44 
z-stat— 1.44 70 percent neg. 

Day after event: AR O.11 percent t-stat 0.12 
z-stat 0.53 40 percent neg. 
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Though the first-day movements suggest 
some spillover effects, the second day ap- 
pears to offset this effect. Further, if there 
are spillover effects, they are not associated 
with the largest crashes. For the eight events 
with 100 or more fatalities, the movement of 
other airlines’ stocks averages virtually zero: 
+0.05 percent on the day of the event, — 0.06 
percent on the day following the event, nei- 
ther figure at all significant. 


VI. Conclusion 


This paper has examined the losses suf- 
fered by airlines in connection with a crash. 
On average, crashes are associated with a 
statistically significant loss in equity value of 
1 percent or $4.5 million. Since most crashes 
in the sample involve total destruction of the 
aircraft and an average of more than 40 


fatalities, the average firm loss appears to be 


below the total social costs of the accident. 
This is consistent with the practice of carry- 
ing insurance against the direct costs of ma- 


jor crashes, and indicates that the insurance ` 


cost is only partially dependent on an air- 
line’s own experience. 

The investigation of consumer response 
found that before deregulation, travelers did 
not respond to crashes to an extent that is 
statistically discernible. In the period since 
deregulation, the consumer response appears 
to have increased. The reaction to the. 13 
post-deregulation crashes that we studied is 
weakly significant. Still, the sample of crashes 
in this period is quite small and may be 
idiosyncratic. *? | 

Previous work has speculated that the 
wealth losses associated with accidents or 
product recalls result from adverse consumer 
reaction. In the case of airline accidents, our 
direct estimation of consumer response does 


Recent press reports support a skeptical view of 
the post-deregulation results. Delta Airlines suffered 
few cancellations following a spate of near accidents in 
1987, almost all of which were due to errors by flight 
crews or maintenance personnel. See New York Times, 
July 25, 1987. Vocal dissatisfaction with an airline due 
to poor performance in other areas also does not seem 
to indicate much avoidance of the carrier. See Wall 
Street Journal, November 19, 1987. 


not support this hypothesis. The on-site 
airline safety supervision by the govern- 
ment may explain why the effects found 
here are quite a bit smaller than the effects 
due to prescription drug recalls found by 
Jarrell and Peltzman (1985). Alternatively, 
the greater consumer familiarity with airline 
travel, as compared to new drugs, may ex- 
plain why consumers seem to infer much 
more information from drug recalls than 
from an airline crash. 

Chalk’s work suggests that air carriers may 
infer more information about aircraft manu- 
facturers from aircraft-related crashes than. 
consumers derive about airlines from their 
accidents. Two factors may explain this dif- 
ference. First, airlines are experts in the pur- 
chase of aircraft and thus may be better 
equipped than consumers to process the in- 
formation from an accident. Second, there 
may be more information in aircraft-related 
accidents about other aircraft from the same 
manufacturer than there is in airline acci- 
dents in general (or even those deemed to be 
the carrier’s fault) about other flights by the 
same airline. That is, accidents not caused 
by aircraft failure may be more idiosyn- 
cratic. 

It must be stressed that our results and 
conclusions are conditional upon the level of 
FAA monitoring and the outstanding safety 
record that the industry maintains. The 
relatively small demand effects observed, 
whether due to very limited updating of prior 
beliefs or to a low marginal valuation of 
safety, would probably increase if accident 
records deteriorated substantially. 


DATA APPENDIX 


The following data series were used in the statistical 
calculations (All monetary variables are expressed in 
January 1985 constant dollars.): 

Revenue Passenger-Miles—monthly, by carrier, (a) 
domestic scheduled service, (b) international scheduled 
service, Source: Air Carrier Traffic Statistics, 1957—1985, 
CAB. 

Revenue Passenger-Miles—monthly, industry total, 
scheduled plus nonscheduled services. Source: Air Car- 
ner Traffic Statistics, 1957~1985, CAB. 

Available Ton-Miles—- monthly, total certificated car- 
riers, (a) domestic scheduled services, (b) international 
scheduled services, Source: Air Carrier Traffic Statistics, 
1957-1985, CAB. 

Total Revenues— quarterly, by carrier, (a) domestic 
scheduled service, (b) international scheduled service. 


Ot 


Mitana entra 
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Source: Air Carrier Financial Statistics, 1957-1985, 
CAB. 

Yield—-monthly, by carrier, (a) domestic scheduled 
services, (b) international scheduled services. Construc- 
tion: Total Revenues divided by Revenue Passenger- 
Miles, which have been aggregated to be quarterly data. 
This produces quarterly yield. Monthly yield is the 
produced through linear interpolation. Each yield num- 
ber is assumed to correctly reflect the second month in 
each quarter. The yield for the-first month of quarter i 
is then = 0.667* yield, + 0.333 * yield,_,, where the sub- 
scripts indicate quarters. The yield for the third month 
of quarter į is then = 0.667 * yield, + 0.333 * yield;,,. 

Industry Cost Index— monthly, total certificated car- 
riers, (a) domestic scheduled services, (b) international 
scheduled services. Source: Air Carrier Financial Statis- 
tics, 1957~1985, CAB. Air Carrier Traffic Statistics, 
1957-1985, CAB. Construction: Total Expenses = line 
29—line 26—-line 23—line 21 all from quarterly air carrier 
financial stats. Available Ton Miles = line 5 of air car- 
ner traffic stats aggregated for the 3 months in each 
quarter. This produces a quarterly index, which is then 
smoothed to monthly using linear interpolation, as with 
yields above. 

Firm Fatalities—by carrier. Source: Briefs of Acci- 
dents: U.S. Civil Aviation, 1958-85. 

Total Industry Fatalities. Source: Briefs of Accidents: 
U.S. Civil Aviation, 1958-85. 


Cause of Accident. Source: Briefs of Accidents: U.S. 


Civil Aviation, 1958-85. 

News Coverage, Total Articles—by accident. Total 
number of articles. Source: New York Times and 
Chicago Tribune Index of Articles, 1959—1985. 

News Coverage, Total Days of Page-One Exposure 
—by accident. Total number of articles. Source: New 
York Times and Chicago Tribune Index of Articles, 
1959-1985, 
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Demand Uncertainty and Sales: 
A Study of Fashion and Markdown Pricing 


By B. PETER PASHIGIAN* 


The frequency of sales has increased dramatically in recent years. Paradoxically, 
the percentage markup has also increased. Markdowns and markups are higher in 
some departments of department stores than in others. The major theme of the 
paper is that the growing role of fashion and product variety is an important 
reason for these increases and for the differences between merchandise groups. 


Markdowns and sales have long been 
ubiquitous in retailing. They occur fre- 
quently but they have not been studied sys- 
tematically by economists. Recently renewed 
interest in the subject has been expressed by 
two groups: economic theorists Hal R. Var- 
ian (1980), Steven Salop and Joe E. Stiglitz 
(1982), and Edward P. Lazear (1986), and 
marketing specialists, who have concentrated 
on the growing use of promotional price 
deals in package goods. 

This paper expands on the topic in two 
ways. It extends Lazear’s theory of clearance 
sales to allow for industry equilibrium. This 
is a useful extension because it shows how 
the equilibrium percentage markup is jointly 
determined along with the percentage mark- 
down and the percentage of goods sold on 


*Graduate School of Business, University of Chicago, 
1101 E. 58th Street, Chicago, Ilinois 60637. This re- 
search was supported by the Graduate School of Busi- 
ness, University of Chicago and the Center for the 
Study of the Economy and the State. The author ac- 
knowledges helpful comments from Allan Hunter, Ed- 
ward Lazear, Carl Priestland, Scott Neslin, Stephen 
Spurr, George Stigler, Arnold Zellner, and participants 
at seminars presented at the University of Chicago, 
Clemson University, Duke University, Federal Trade 
Commission, Massachusetts Institute of Technology, 
Northwestern University, and Rochester University. 
Numerous helpful conversations were held with knowl- 
edgeable industry officials and are gratefully acknowl- 
edged. While most industry officials acknowledge the 
role of fashion, some may place greater importance on 
the growth of store competition. Responsibility for error 
rests with the author. Peter Allan Pashigian assisted 
with the graphics. Will Carrington, Brooks Pierce, Ken 
Troske, and Chinhui Juhn served as able research assis- 
tants. 
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sale and why these three measures might be 
expected to either increase or decrease to- 
gether. More importantly, the paper takes 
the next step. It confronts the theory of 
clearance sales with.some evidence and de- 
termines just how well the theory can 
explain some interesting time-series and 
cross-sectional regularities in sales offered by 
department stores. The empirical section in- 
cludes an in-depth and reasonably compre- 
hensive study of actual sales. The percentage 
markup and dollar markdowns taken by de- 
partment stores relative to dollar revenue are 
traced over an extended time, from 1925 to 
1984, and then compared across merchandis- 
ing groups at several points in time. The 
most striking feature of the time-series is the 
increase in the percentage markup and the 
frequency of sales since 1970. These in- 
creases can be properly viewed as revolu- 
tionary since neither series exhibited any 
clear trend during the previous 40 to 45 
years. A considerable part of the modeling 
effort is designed to discover why these in- 
creases began around 1970 and why there 
are significant but changing differences in 
markups and markdowns between merchan- 
dise groups. A major theme of the paper is 
that these recent increases and differences 
between groups are due to the growing im- 
portance of fashion in merchandising. The 
term fashion is used synonymously with va- 
riety throughout this paper and refers to 
greater (price) uncertainty facing stores about 
the future popularity of colors, patterns, and 
fabrics. To avoid any misunderstanding, the 
term “fashion” is not meant to refer solely 
to “high” fashion clothing. 
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Section I extends Lazear’s theory of clear- 
ance sales to allow for industry equilibrium. 
The effect of increased dispersion in reserva- 
tion prices on the optimal percentage 
markup, the percentage markdown, and the 
percentage of goods sold on markdown is 
shown for several price distributions. Impli- 
cations of the fashion hypothesis are derived. 
Section IT examines the time-series behavior 
of markups and markdowns. Time-series 
changes in the use of colors and types of 
clothing are documented to show increases 
in the demand for fashion. The estimated 
effects of different proxy variables far fash- 
ion on percentage markup and on mark- 
downs are presented. Section III shows how 
percentage markups and markdowns have 
changed over time for women’s fashion, 
women’s standard, men’s, teens’, and infant 
apparel groups. Some of these changes ap- 
pear to be caused by the growing importance 
and spreading influence of fashion in ap- 
parel merchandising. The paper ends with a 
summary. 


I. The Theory of Clearance Sales 


Sales can be conveniently classified as pre- 
season, within-season, and clearance sales. 
Of the three, clearance sales are the more 
familiar and somewhat easier to understand. 
They occur because style or color or pattern 
changes are so difficult to predict. Lazear’s 
theory of clearance sales features one form 
of uncertainty—what customers will pay for 
individual dresses within a line of dresses. 
His model considers a risk-neutral store that 
has already purchased the line but is uncer- 
tain about which color will be popular in the 
coming season and could be sold for higher 
prices. The prior cumulative price distribu- 
tion of reservation prices that consumers are 
willing to pay for the different colored dresses 
in the line is denoted by F(P). Because the 
retailer cannot identify which dresses could 
be sold for high prices and which for low 
prices, all dresses are offered in the first 
period at an initial price, P0. The dresses 
with colors for whom consumer reservation 
prices exceed PO will sell out quickly. If a 
dress with a particular color did not sell in 
the initial period, it means that consumers’ 
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reservation prices for that color are less than 
PQ. The store revises the prior distribution 
of prices in light of the market evidence and 
selects an optimal markdown price, P1.' 

The markdown price is selected to maxi- 
mize expected revenue: 


(i) R= Pl f SCP) /F( PO) dP 


= P1 { F(P0)— F(P1)}/F(P0) 


where P)>P,-f(P)/F(P0) is the revised 
price distribution given that the dress did 
not sell at PO. When selecting the optimal 
markdown price, the store has a tradeoff to 
make between a lower markdown price and 
an increase in the proportion of the remain- 
ing dresses that will be sold by the end of the 
markdown period. Given P0, the optimal 
markdown price satisfies 


(2) F(P0)-— F(P1)- f(P1)P1=0. 


The optimal first-period price maximizes 
expected revenue given optimal pricing be- 
havior in the markdown period. Expected 
revenue in the first period 1s 


(3) RO=PO{1—F(P0)} 
+ P1{1— F(P1)/ 
F(P0)} F(P0). 


For a dress selected at random, expected 
revenue equals PO times the probability of 
sale in the initial period plus P1 times the 
probability of selling the dress in the mark- 
down period. It is assumed that a dress that 
has not sold at the end of the markdown 
period is given to charity. The optimal initial 


‘Lazear’s model ignores strategic behavior by con- 
sumers. Consumers are less likely to behave strategically 
when the selling seasons are short, fashions change from 
season-to-season, and lead times between order and 
sales are long. Consumers do not wait to purchase a 
fashion item in the markdown period because the item 
may be sold out before then and may not long be 
popular in the next season. 
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price will satisfy 
(4) (Pl— PO) f(.P0)+1- F(P0) =0. 


Lazear used equations (2) and (4) to deter- 
mine the optimal initial and markdown 
prices.” He focused on the optimal price 
policy of a store that has already ordered a 
line of clothing. The analysis can be enriched 
by allowing for industry equilibrium through 
the actual or threatened entry of firms. New 
stores will enter or old stores will exit if 
expected profits differ from zero. oo market 
equilibrium requires 


(5) PO{1—F(P0)} 
+ P1{ F(P0)- F(P1)} =C 


where C is the per unit ( = marginal) cost of 
purchasing the merchandise.. 

A market equilibrium exists when equa- 
tions (2), (4), and (5) are satisfied. The ad- 
justment to this equilibrium is not formally 
modeled in this paper. A brief narrative 
might help clarify just how this equilibrium 
could be reached. Begin by assuming the 
parameters of the price distribution are exo- 
geneously determined by the tastes of and 
the information held by consumers. For a 
given price distribution, each store will post 
the optimal initial and then the optimal 
markdown price while satisfying equations 
(2) and (4). If expected profits are positive at 
these prices, then new stores will have an 
incentive to enter and to acquire customers 
of established stores. Because all stores are 
assumed to be alike, any new store that 
enters will face the same price distribution as 
existing stores. So a new store will select the 
same prices that satisfy equations (2) and 
(4). Assume that new stores that post identi- 
cal prices as established stores cannot attract 
customers from the established stores except 
by offering higher quality merchandise, that 
is, by increasing C. The actual or implied 
threat of quality upgrading by new stores 


*The model can be expanded to allow for noise to 
make the inference problem more difficult. 
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will force established stores to upgrade qual- 
ity or lose customers. Competition through 
quality upgrading will continue. until ex- 
pected profits are competed away.° 

Under this scenario, equations (2), (4), 
and (5) can be solved for the endogenous 
variables, PO, P1, and C, as functions of the 
parameters of the price distribution. An in- 
teresting question is how PO, Pl, and C 
change as the range of reservation prices 
increases. Unambiguous comparative static 
predictions are not easy to derive without 
placing more structure on the price distribu- 
tion. Considerable insight can be gained by 
considering price distributions that can be 
written in the form of F(P/X1, X0/4X1), 
where X0 and X1 represent the highest and 
the lowest (reservation) price that customers 
are willing to pay for the dresses in the line. 
The larger the ratio of X0 to X1 the greater 
is price uncertainty. Not only can X0/X1 
change over time but it will be larger in 
those merchandise groups where there are 
frequent changes in color, fabric, pattern, 
and silhouette from season-to-season. Given 
the assumed form of F, it is possible to solve 
equations (2) and (4) for PO/X1 and P1/ X1 
as functions of X0/X1. After substituting 
these expressions for P0/X1 and P1/X1 
into equation (5), there will be only one 
value of C/X1 that satisfies equation (5) for 
each value of X0/X1. As a result, the equi- 
librium functional relation between C/X1 
and X0/X1 can be expressed as 


(6) C/X1=G(X0/X1). 


Given X0/X1 and the corresponding 
equilibrium values for P0, P1, and C (rela- 
tive to X1), it is then possible to calculate 


Obviously, this description is incomplete and needs 
to be elaborated on if the whole distribution of reserva- 
tion prices shifts to the right when quality upgrading 
occurs. Offering higher quality merchandise would 
change the parameters of the price distribution and shift 
the price distribution to the right. A zero-expected 
profit equilibrium can be achieved.as long as the distri- 
bution of prices does not shift too rapidly to the right as 
C increases. 
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TABLE 1—OPTIMAL PRICES, MARKUPS, AND MARKDOWNS FOR UNIFORM AND SYMMETRIC TRIANGULAR DISTRIBUTIONS 
z PO Z P1 
xl | SNO 
X1 X1 X X1 PMD MPS PMU 


(1) (2) (3) (4) (5) (6) (7) (8) 


Uniform Distribution 


1.20 1.10 1.00 1.05 .08 .05 .05 2 
1.50 1.25 1.00 FI .20 .11 .10 5 
2.00 1.50 1.00 1.25 a .20 17 5 
3.00 2.00 1.00 1.50 .50 .20 2S 5 
4.74 3.16 1:52 2.00 .50 .20 .37 5 
10.92 7.28 3.64 4.00 .50 .20 45 5 
25.63 17.05 8.57 8.93 .50 .20 .48 5 
Symmetric Triangular Distribution 
1.40 1.17 1.01 1.11 .13 .05 .05 35 
1.74 1:32 1.05 1.21 .21 .08 .08 .36 
2.28 1.57 1.14 1,37 .28 -12 12 .38 
4.07 2.45 L38 1.95 .39 .17 .21 41 
6.11 3.50 2.16 2.63 39 19 2 42 
8.99 5.00 3.01 3.62 40 2d .28 .43 
19.01 10.43 6.10 7.09 41 23 32 46 
the equilibrium percentage markdown, and 7 show PMD, MPS, and PMU, respec- 
tively. Column 8 shows the ratio of the total 
(7) PMD = (P0- P1)/P0; units sold at the markdown price to total 
units sold in both periods. 
the equilibrium percentage markup (PMU) The results are very informative. They in- 
dicate the optimal percentage markdown, the 
(8) PMU = (P0-C)/P0, percentage markup, and dollar markdowns 


relative to dollar sales either rise (for the 
and total dollar markdowns as a percentage symmetrical triangular distribution) or rise 


of dollar revenue, MPS, and then stabilize (for the uniform distribu- 
tion) as X0/X1 increases. The most impor- 

(9) MPS= { P0- P1} tant implication is that the clearance theory 
predict that fashion goods will have both a 

x { F(P0)- F(P1)}/ higher-percentage markup and a larger ratio 


of dollar markdowns relative to dollar sales. 
An increase in price uncertainty will cause 
an increase in both the percentage markup 
and dollar markdowns relative to dollar sales. 
+ P1{ F(P0)— F(P1)}|. The extended theory of clearance sales pro- 

vides a parsimonious explanation of why 

Table 1 illustrates the equilibrium solution department stores have increased their per- 


| PO{1— F(P0)} 


for seven values of X0/X1 for two symmet- centage markup while they have been simul- 
rical price distributions. The upper panel taneously selling more items at markdown 
shows the results for a uniform price distri- prices. The clearance theory can also be 
bution and the lower panel for a symmetri- helpful in explaining why pricing policies 
cal triangular distribution. Columns 2, 3, differ across departments in a store. It can 
and 4 show the equilibrium values for PO, explain why the percentage markup and dol- 


P1, and C (relative to X1) and columns 5, 6, lar markdowns (relative to sales) will be 
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higher for fashion garments than for non- 
fashion garments, for example, teenager 
versus men’s tailored clothing. Another in- 
teresting result is that P1 is less than C. 
Customers who are indifferent to fashion 
trends and who purchase in the markdown 
period are purchasing remnants at a price 
less than C. These customers purchase at 
lower prices because of the preference for 
fashion by the majority of customers. If there 
were no price uncertainty, all buyers would 
purchase at marginal cost. A final result is 
that the fraction of goods sold at markdown 
will vary with X0/X1 but in ways that 
depend on the form of the price distribution. 
It is independent of X0/X1 for the uniform 
distribution and increases with X0/X1 for 
the symmetrical triangular distribution.* 


I]. Time-Series Changes in Markdowns 
and Markups 


Figure 1 shows dollar markdowns as a 
percentage of dollar sales (MPS) for all de- 
partment stores in the sample and the cumu- 
lative markon (PMU) from 1925 to 1984. 
The cumulative markon is a term used in the 
industry and is an approximation to PMU. 

Dollar markdowns relative to dollar sales 
and the percentage markon have changed 
noticeably over three time periods. First, 
dollar markdowns relative to total revenue 
rose with the onset of the Great Depression. 
Markdowns probably increased because the 
severity of the Depression was grossly un- 
derestimated. Second, markdowns were un- 
usually low during World War II. The de- 
cline in markdowns during World War II 
was due to price controls, output restric- 
tions, and rationing. Prices were artificially 
fixed below equilibrium levels. Merchandise 
was scarce and so eagerly purchased by cus- 
tomers that markdowns were limited to the 
few remnants left on shelves. 


‘Very similar qualitative results were obtained when 
the price distributions (right triangular) were asymmet- 
ric. The one notable difference is the fraction of goods 
sold at markdown decreased (increased) with increases 
in X0/X1 when the distribution was skewed to the 


right (left). 
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Third, and most important, has been the 
large and steady increase in markdowns over 
the last 15 to 20 years which follows a period 
of about 40 years of comparative stability. 
Figure 1 clearly shows department stores 
have been taking higher-percentage markups 
in recent years while they have been simulta- 
neously selling relatively more merchandise 
at markdown prices. The conjoint increase in 
the percentage markon and in MPS would 
no doubt appear paradoxical to the un- 
trained eye. If the increase in the percentage 
markup is due to persistent and large in- 
creases in demand, then markdowns should 
have been applied less frequently. Similarly, 
if increased competition from discount and 
off-price stores 1s the reason why department 
stores are offering more frequent sales, then 
why has this competition not limited or re- 
duced the size of the percentage markup? 
Both the demand or the competition hypoth- 
esis would imply an inverse relationship be- 
tween the change in, the percentage markon 
and the change in MPS. Neither can com- 
pletely explain why both PMU and MPS 
have been rising. 

The theory of clearance sales provides a 
plausible and parsimonious explanation of 
why the percentage markon and MPS have 
both increased. The theory implies that MPS 
and PMU will rise when uncertainty in- 
creases and uncertainty will increase as 
fashion and product variety become more 
important in the sales'of apparel and other 
merchandise.° 


Reliance on the price discrimination hypothesis to 
explain the higher percentage markup and higher mark- 
downs relative to dollar sales should be resisted. It is 
doubtful whether the price discrimination hypothesis 
should be applied to an industry as competitive as the 
retail clothing industry is. Not only do many different 
types and sizes of outlets sell clothing, for example, 
department, discount, apparel, specialty, and off-price 
stores, but firms enter and exit the industry frequently. 
If the price discrimination hypotheses were to explain 
the data, they would imply the monopoly power of 
these different stores has been increasing over time or 
the difference between the price elasticities of demand 
of the two groups of customers had increased. The price 
discrimination hypothesis would also have to explain 
why MPS has increased more in selected merchandise 
groups, for example, teenager and junior or men’s cloth- 
ing (see Section IHI). 
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FIGURE 1. MARKDOWNS RELATIVE TO DOLLAR SALES AND PERCENTAGE 
MARKON, 1925-84 (Source: See Data Appendix.) 


A. Illustrations of Fashion Changes 


Some episodic evidence also indicates price 
uncertainty increased between the mid-1960s 
and mid-1970s. Color and fashion are inti- 
mately linked. Greater use of colors or prints 
would mirror a shift toward more fashion 
merchandise. Surprisingly, color use data are 
scarce and available for only a few products 
over long periods of time. Data showing the 
use of whites, prints, and solids are available 
for bed sheets and to a more limited extent 
for men’s dress shirts. Figure 2 shows the 
percentage of bed sheet sales (produced’ by 
domestic manufacturers) that are white or 
fancies, which include prints, jacquards, and 
other special designs (the market share of 


other solid colors is not shown). The market 
share of white sheets drops precipitously 
from about 65 percent in the mid-1960s to 
about 16 percent by 1975 while the market 
share of fancies increases from 15 percent in 
the mid-1960s to 75 percent by the mid- 
1970s. Over a 10-year span, there was a 
dramatic increase in the use of prints. Pre- 
dicting which print patterns and colors will 
be popular is considerably more difficult than 
predicting the demand for whites. 

A remarkably similar but even more pre- 
cipitous decline in the demand for whites 
occurred in the men’s dress shirt market. 
Figure 3 shows the market share of white 
dress shirts in 1962 was around 72 percent 
and declined to about 52 percent in 1967 
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FIGURE 2. MARKET SHARES OF WHITE AND FANCY BED SHEETS, 1960~86 
(Source: See Data Appendix.) 


and to 19 percent in 1970. Complete data for 
the 1970s are unavailable. However, the mar- 
ket share of white dress shirts probably re- 
mained low throughout the 1970s. Data for 
the eighties are available and show the mar- 
ket share of white shirts is between 19 and 
22 percent while the percentage of fancy 
(patterns, stripes, etc.) is increasing. In this 
market as well, there has been a shift away 
from whites to other colors and fancies. 

The declining use of more-formal and 
tailored clothing, for which there are ac- 
cepted guidelines, and the greater reliance on 
sportswear, for which there are fewer ac- 
cepted guidelines,.has also increased price 
uncertainty. For women’s sportswear, the 
consumer has greater latitude to mix and 


coordinate tops with bottoms and to match 
colors, patterns, and fabrics of blouses, shirts, 
and sweaters with those of skirts and pants. 
There are fewer guidelines and standards 
now and this means that store buyers are 
even less able to predict which combinations 
will be matched. The magnitude of the shift 
toward women’s sportswear can be seen in 
Figure 3. The market share of women’s 
sportswear as a percentage of total dollar 
sales of women’s dressés and sportswear is 
graphed from 1963 to'1982.° The market 


°The market shares were calculated from the sales of 
sportswear and dresses by department stores, women’s 
ready-to-wear stores, and family clothing stores. 
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FIGURE 3. MARKET SHARES OF WHITE AND FANCY MEN’S DRESS SHIRTS, 
1962-86, AND WOMEN’S SPORTSWEAR, 1963-82 (Source: See Data Appendix.) 


share of sportswear remained roughly con- 
stant between 1963 and 1967, hovering 
around 41 or 42 percent. Since then, it in- 
creased to 56 percent in 1972, 69 percent in 
1977, and reached 78 percent in 1982, the 
last available Census year. In women’s ap- 
parel (and men’s apparel) there has been a 
dramatic transition toward more casual 
clothing where there is greater opportun- 
ity for individual expression and creativity 
through product selections. 

Although these illustrations are episodic 
and selective, they do indicate the transition 
toward greater demand for product diversity 
began roughly in the mid- to-late 1960s and 
has continued throughout the 1970s and 
1980s. 


B. Regression Results 


‘Figure 1 indicates the markdown and 
markup policies of department stores in the 
last 15 to 20 years were affected by different 
determinants than in the previous decades. 
The subsequent statistical analysis of mark- 
downs and markups will concentrate on the 
period from 1956 to 1984.’ Markdowns rela- 
tive to sales and the percentage markup in 
the period between 1925 and 1955, and espe- 
cially from 1925 to the end of World War Ii 
were more affected by unexpected demand 


7I selected 1956 as the initial year because clothing 
import data first became available in that year. 
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shocks at the onset of the Depression or 
caused by price and output controls during 
World War II. The variance in the growth 
rate of department store sales during the 
inter-World War II period was larger than in 
the post-World War II period. 

The period from 1956 to 1984 is of greater 
Interest because of the large increases in 
MPS and PMU. During this period, MPS 
and PMU appear to reflect the increasing 
risk associated with predicting styling and 
fashion changes than the risk associated with 
predicting aggregate clothing demand. The 
regression analysis is designed to identify 
which of a small set of proxies for fashion 
had a significant effect on MPS and PMU. 

The growth in clothing imports relative to 
domestic shipments of apparel appears to be 
a major reason for the increase in MPS and 
PMU. In 1956, clothing imports accounted 
for slightly more than 1 percent of total 
shipments of apparel by U.S. apparel plants. 
By 1984, clothing imports had increased to 
slightly more than 23 percent of shipments 
of apparel merchandise. The growth of im- 
ported clothing can be expected to increase 
MPS and PMU for two reasons: Longer lead 
times are required for ordering foreign mer- 
chandise and result in larger forecasting er- 
rors when styles and fashions are changing. 
One consulting firm estimates the mean lead 
time for a domestic order is 14.2 weeks, for a 
European order is 21.7 weeks, for an order 
from a major exporter in the Far East, for 
example, Hong Kong, is 28.1 weeks and for 
an order from other Far Eastern countries is 
34.7 weeks (U.S. International Trade Com- 
mission). Second, the introduction of coun- 
try-by-country import quotas in the early 
1970s induced foreign suppliers to substitute 
from lower-priced commodity apparel and 
fabric imports to higher-priced short-run 


8A statistical analysis of the earlier period indicates 
the MPS is inversely related to unexpected demand 
changes. The lower market demand was relative to 
expected demand, the larger was MPS. These results 
indicate gross margins fall during large downturns and 
rise during large upturns in the economy. While gross 
margins may be pro-cycle, it may take large changes in 
economic performance to detect this effect. 
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fashion clothing. This quality upgrading has 
been noted by other authors and was re- 
flected in more rapid increases in imported 
apparel prices than in domestic apparel 
prices after the quotas were introduced.’ 
Technological changes may also be indi- 
rectly responsible for the increase in MPS. 
The shuttleless loom is fast replacing the 
shuttle loom and accounts for a growing 
percentage of al! looms in the United States, 
in other advanced countries, for example, 
Italy and even in some countries in the Far 
East, for example, Taiwan and Hong Kong. 
Shuttleless looms weave fabric at much fas- 
ter speeds than do shuttle looms. In the 
United States the growing use of shuttleless 
looms has been accompanied by an increas- 
ing percentage of shuttleless looms that have 
a multi-filling insertion capability, which 
means that multicolor and pattern fabric can 
be woven. This trend toward looms with a 
multi-filling insertion implies that more 
fashionable clothing can be woven. Techni- 
cal changes in knitting have also reduced the 
cost of producing short-run fashion fabric.'° 
Unfortunately, the data on the percentage of 
shuttleless looms with the multi-filling inser- 
tion capability are not available throughout 
the 1956-84 period. Consequently, the per- 
centage of shuttleless looms in the United 
States is used as an imperfect substitute for 


* William R. Cline (1987, p. 173) and Jeffrey S. 
Arpan etal. (1978, p. 64) show apparel unit values 
began to increase in 1972 after country import quotas 
were imposed on Hong Kong, Japan, Korea, and Tai- 
wan. Clothing imports into the United States increased 
from 27 percent of the sum of clothing plus textile 
imports in 1956 to 75 percent in 1984. This reflects the 
shift from lower-priced fabric to higher-priced clothing 
and apparel imports. : 

Richard Paul Olsen 1970, pp. 199-200) and 
Kathryn M. Greenwood and Mary F. Murphy (1978, 
pp. 134-35) have noted the introduction of electronic 
knitting machines which permit the knitting of fabric 
with different patterns and colors. Prior to these techno- 
logical innovations machines would be down for as 
much as eight hours when a pattern was changed. 
Downtimes were reduced drastically with the introduc- 
tion of electronic knitting machines. Hence, the set-up 
cost for a pattern change declined with these technolog- 
ical innovations. On the other hand, U.S. textile firms 
have been criticized for being less willing to produce 
short-run fashion fabric than have foreign producers. 
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TABLE 2— DETERMINANTS OF DOLLAR MARKDOWNS RELATIVE TO DOLLAR SALES (MPS) 
AND PERCENTAGE MARKON, 1956-84 (t-statistics listed below coefficient estimates) 





Dollar Markdowns Relative to Dollar Sales Markon 
(1) (2) (3) (4) 
1. Constant : l 1.31 1.88 1.13 33.38 
4 1.7 1.3 14.2 
2. Percent Clothing 
Imports (£) 24.54 16.99 28.07 49.32 
3.5 2.4 4.6 4.9 
3. Percent Clothing 
Imports (¢ —1) ~ 14.24 
—1.9 
4, Percent Shuttleless 
Looms (1) 13 07 — .07 
3.2 1:5 ~1.3 
5. Percent of Population 
10- to 34-years old (7) 11.16 2.74 18.94 
24 4 2.8 
6. Markdown (1-1) 46 7 
7 44 
R? 979 989 988 978 
VMSE .303 .297 .304 .430 
Rho (p) 39 06 


Note: For definition of variables, see Data Appendix. 


the growing capacity to produce fashion 
merchandise. 

Finally, the fraction of the population be- 
tween 10 and 34 may be directly related to 
MPS. Younger members of the population 
appear to be more fashion conscious. This 
finding should, however, be considered with 
caution. The fraction of the population be- 
tween 10 and 34 was not found to be a 
significant determinant of MPS over the 
1925-55 period even though this fraction of 
the population declined appreciably from 
1940 to 1955, During the 1956-84 period, 
this fraction has been rising except for the 
last few years. | 

Regression results are presented in Table 
2. In columns 1-3 the dependent variable is 
MPS while the dependent variable in column 
4 is the percentage markon. The coefficient 
estimates in column 1 indicate each of the 
above-mentioned variables is directly related 
to MPS with the f-ratios ranging from 2.1 to 
3.5.14 The assumed first-order process for the 


‘The estimates in columns 1 and 4 were obtained 
using the Autoreg procedure in SAS. 


residuals indicates the residuals of this equa- 
tion are positively correlated.? The serial 
correlation of residuals in the MPS equation 
could be due to a variety of reasons, for 
example, partial adjustment of markdowns 
or a left-out variable that changes slowly 
over time, etc. Because stores can and do 
change prices quickly in response to changes 
in demand conditions, it is unlikely the serial 
correlation of residuals is due to a sluggish 
adjustment of prices by the stores. Mark- 
downs offered this year by a store should be 
determined by current demand conditions 
and not by the markdowns offered by the 
store in the previous year. A more plausible 
hypothesis is that the serial correlation of 
residuals is due to a left-out variable that 
changes slowly. A possible explanation for 
the serial correlation is the absence of a 


12The correlation of residuals across the MPS and 
PMU equations was never very high, generally around 
.10. Hence, little efficiency gain was achieved when 
seemingly unrelated methods were employed. 
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fashion variable that measures the changing 
use of colors and prints. 

The results in column 2 indicate the intro- 
duction of the lagged value of MPS does not 
have a significant effect on the coefficient of 
the import variable but does reduce the sig- 
nificance level of the coefficients for the 
percentage of shuttleless looms and the per- 
centage of the population between 10- and 
34-years old. The coefficient estimates of 
these two variables appear to be especially 
sensitive to the specification of the regression 
equation. 

The serial correlation model implies that 
both the current and lagged value of each 
independent variable should enter as signif- 
icant determinants of MPS. A bare bones 
version of the serial correlation model is 
tested in column 3 where the current and the 
lagged value of clothing imports are included 
as right-hand side variables along with the 
lagged value of MPS. The coefficient of the 
current clothing import variable is statisti- 
cally significant at the 1 percent probability 
level and the coefficient of the lagged import 
variable has the correct (negative) sign and is 
significant at the 8 percent probability level 
(two-tail tests). The results in column 3 pro- 
vide modest support for the serial correla- 
tion hypothesis and not for the partial 
adjustment hypothesis. The coefficient esti- 
mates in column 4 indicate the percent of 
clothing imports and the percent of young 
consumers are significant determinants of 
the percentage markon. 

These regression results indicate the per- 
sistent increases in MPS and the percent 
markon since 1970 are related to the growth 
in imports. The growth of imports is indi- 
rectly related to the growing importance of 
fashion and product variety since the quality 
of imported merchandise has improved in 
quality as the price has risen over time. Since 
fashion merchandise is higher priced, the 
growing market share of imports implies a 
growth in the fashion content of products 
purchased by U.S. consumers. The role of 
the age composition of the population and 
of technical change is less clearly defined 
and only more qualified conclusions can be 
advanced. 
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Til. Markups and Markdowns by 
Merchandise Group 


Style and fashion changes are more fre- 
quent in some merchandise groups than in 
others, The theory of clearance sales predicts 
that the percentage markup will be larger 
and the frequency of markdowns will be 
higher in the groups with more frequent 
changes.'? An earlier study by L. H. Grin- 
stead (1932) documented higher markdowns 
relative to sales for women’s fashion mer- 
chandise (outer garments) than for women’s 
standard merchandise (undergarments and 
foundation garments), where fashion 
changed less frequently. MPS was also found 
to be higher for women’s fashion clothing 
than for men’s apparel. Historically, men’s 
fashions have changed less frequently than 
have women’s fashions. This historical evi- 
dence conforms closely with the implications 
of the clearance theory. 

Contemporary data show that some of 
these long-term historical differences be- 
tween merchandise groups have been disap- 
pearing in recent years even while new dif- 
ferences appear. Table 3 documents the 
changes that have occurred between 1965 
and 1984 in markdowns relative to sales, 
percentage markup, and the dollar value of 
customer merchandise returns relative to 
sales. In each year, apparel merchandise has 
been classified into the following groups: 1) 
women’s fashion clothing and accessories, 
for example, shoes, dresses, and coats, etc.; 
2) women’s standard or non-fashion items, 
which for the most part includes undergar- 
ments; 3) men’s apparel and accessories; 4) 
teens’ and junior clothing and accessories; 
and 5) infants’ clothing. Merchandise sold in 
all other departments (except basements) has 


Another implication of the clearance theory is that 
markdowns relative to sales will be higher at the end of 
the season than at the beginning of seasons. Seasonal 
data show MPS peaks in July, the end of the 
spring—summer seasons, and in January, the end of the 
fall-winter seasons. This and other issues are discussed 
more fully in B. Peter Pashigian (1987). 
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TABLE 3— MEAN OF MARKDOWNS RELATIVE TO SALES, MARKONS, AND RETURNS 
RELATIVE TO SALES BY YEAR AND MERCHANDISE GROUP? 
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Women’s 
All Fashion Women’s Men’s Teens’ All 
Groups Apparel and Standard Apparel and and Junior Infants’ Other 
Year Combined Accessories Apparel Accessories Apparel Apparel Depts 
Markdowns Relative to Sales 
1965 7.0 10.2 4.5 6.6 10.8 7.0 5.6 
(3.5) (3.6) (2.1) (1.6) (5.0) (3.0) (2.1) 
123 29 12 10 7 11 
1977 10.2 11.8 8.2 10.8 18.2 10.3 8.01 
(5.1) (6.0) (4.1) (4.0) (2.4) (4.5) (3.7) 
130 22 16 5 11 18 48 
1984 16.8 19.8 13.8 19.3 27.0 18.4 13.0 
(7.7) (8.0) (6.7) (6.7) (3.5) (7.6) 6.1 
120 23 8 16 49 
Markons (Percentage Markup) 
1965 39.6 42.2 40.7 40.6 39.2 38.8 38.0 
(5.3) (3.8) (1.9) (3.3) (3.8) (3.7) (6.6) 
123 29 12 10 11 54 
1977 46.0 48.9 48.2 48.6 49.1 46.2 42.3 
(5.8) (2.8) (1.8) (2.1) (1.4) (4.4) (7.4) 
130 22 16 15 11 18 48 
1984 48.0 51.9 51.6 50.6 52.1 48.3 44.0 
(6.8) (2.1) (1.5) (2.2) (.4) (4.2) (8.6) 
121 23 9 15 16 50 
Merchandise Returns Relative to Sales 
1965 7.3 9.0 6.1 5:7 7.8 5.8 7.2 
(4.2) (4.3) (4.3) (1.8) (3.0) (2.2) (4.7) 
123 _ 29 2 10 7 11 54 
1977 7.6 8.1 7.17 8.8 10.2 6.0 7.2 
(3.6) (3.9) (3.0) (2.0) (2.0) (2.0) (4,3) 
110 22 2 7 9 18 42 
1984 9.7 10.7 9.8 9,2 13.3 8.0 9.5 
(4.3) (4.7) 3.7) (3.4) (2.6) (2.9) (4.9) 
88 20 7 11 5 13 32 


Note: For sources, see Data Appendix. 


“Number in brackets represents the standard deviation. Number below standard deviation is sample size. 


been combined into a catchall “other” 


class.}4 


The “all other departments” category includes a 
diverse collection of merchandise ranging from bed 
sheets to small home appliances to major appliances. 
Some of this merchandise, for example, home furnish- 
ings, is subject to fashion trends and changes. Major 
durables are not immune to color and style changes but 
are less subject to fashion changes. The average MPS 
for the radio and audio appliances, television and major 
appliances departments increased from 5.7 percent in 
1977 to 7.8 percent in 1984 or by 38 percent which is 
lower than the mean increase of 68 percent for the five 
apparel groups listed in Table 3. This comparison also 


Table 3 shows the simple mean, below 
which is the standard deviation and below 
the standard deviation is the number of cate- 
gories within each group. In 1965 mark- 
downs relative to sales were higher for the 
women’s fashion group and for the teens’ 
and junior group than for the other groups. 
The higher MPS for the women’s fashion 
group than for the women’s standard group 





indicates fashion changes have had a greater impact on 
apparel merchandise than on some other types of mer- 
chandise sold in department stores. 
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or for the men’s group reflects the greater 
importance of fashion for women’s outer 
clothing than for women’s undergarments or 
for men’s clothing. In 1965, the percentage 
markup and the percentage of customer mer- 
chandise returns was highest for the women’s 
fashion group. 

Customer merchandise returns would seem 
to be distantly related, if at all, to the ques- 
tion of markdowns and markups. But, cus- 
tomer merchandise returns (relative to sales) 
can be related to markdowns and markups if 
they serve as a proxy for or indicator of 
fashion within each group. What distin- 
guishes fashion from non-fashion clothing is 
the need to match and coordinate fabric, 
color, pattern, and silhouette with other items 
and accessories. For many customers, this is 
not easily achieved at the point of purchase. 
It is not uncommon for customers to pur- 
chase several items, take them home, try 
them on to see if colors, patterns, and fabrics 
match properly. Often, merchandise is re- 
turned because colors or patterns do not 
match or coordinate. This is apt to be less 
true for non-fashion items. For apparel mer- 
chandise, returns relative to sales can serve 
as a useful proxy for the importance of fash- 
ion in a merchandise category.” 

Some of these long-standing historical 
differences began to change after 1965. Be- 
tween 1965 and 1984, markdowns relative to 
sales for the teens’ and junior group have 
zoomed upward and this group now leads all 
other groups by a substantial margin. Be- 
cause styles change rapidly in these markets, 
the increase in MPS is not at all surprising 
and is consistent with the implications of the 
clearance theory. While markdowns relative 
to sales for the women’s fashion group are 
still greater than for the women’s standard 
group, they are now on about par with the 
men’s apparel group and, surprisingly with 
the infant clothing group. The near parity 
with men’s apparel suggests that the role of 
fashion has been spreading and has become 


>In some groups high levels of merchandise returns 
will be caused by the incidence of damaged goods, for 
example, furniture, and in others by the absence of 
fitting rooms. 
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increasingly important in this group as well. 
The near parity of MPS for the women’s 
fashion group with the infant clothing group 
is perhaps the biggest surprise. It is an unex- 
pected finding and not easily explained by 
the clearance theory since style changes 
would not be expected to be as important 
and therefore as frequent for infant clothing. 

The middle panel of Table 3 shows the 
percentage markons (markups) have also 
been increasing over this period. The teens’ 
and junior group has had the largest percent- 
age point increase from 1965-84. The role 
played by fashion in the. merchandising of 
teens’ and junior clothing appears to have 
grown in importance over time. 

The lower panel also shows merchandise 
returns relative to sales has increased most 
for the teens’ and junior group followed by 
large increases for the women’s standard 
group and the men’s apparel group. The . 
larger increases in merchandise returns in 
these groups is not inconsistent with the 
growing importance of fashion and styles in 
what had been relatively staid merchandise 
groups. The larger increases in merchandise 
returns in these groups suggests that fashion 
has permeated these groups as well. 

A plausible interpretation of these changes 
is that department stores are now selling 
more fashion merchandise than they were 20 
years ago and in more apparel groups. This 
implies that even greater price uncertainty 
exists today than earlier times in determin- 
ing which styles or colors will sell at initial 
prices. The increased price uncertainty has 
been reflected in both higher-percentage 
markons and higher markdowns relative to 
sales. 

The quantitative effect of customer mer- 
chandise returns on MPS has been estimated 
with the combined use of three cross sections 
for 1965, 1977, and 1984. Dummy year and 
merchandise group effects as well as interac- 
tion effects of year with merchandise group 
have been estimated. Column 1 of Table 4 
only includes women’s fashion, women’s 
standard, teens’, and junior apparel and 
men’s apparel groups with the men’s apparel 
group serving as a reference group. All 
apparel and all non-apparel merchandise 
groups are included in column 2 with the 
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TABLE 4— MARKDOWNS RELATIVE TO SALES, 1965, 1977, AND 1984, 
APPAREL ITEMS ONLY AND ALL MERCHANDISE GROUPS 
(t-statistic below coefficient estimate) 


. Constant 

. Year, 1977 

. Year, 1984 

. Women’s Fashion 

. (Women’s Fashion, 1977) 
. (Women’s Fashion, 1984) 
. Men’s 

. Men’s 1977 

. Men’s 1984 

. Women’s Standard 

. (Women’s Standard, 1977) 
. (Women’s Standard, 1984) 
. Teens’ 

. (Teens’, 1977) 

. (Teens’, 1984) 

. Infants 

. (Infants’, 1977) 

. (Infants’, 1984) 

. Merchandise Returns 


. (Merchandise Returns, 1977) 


(Merchandise Returns, 1984) 


R? (adj) 
Standard Error 
of Regression 


N 


Only Women’s Teens’, and 
Men’s Apparel Groups 
(1) 


Note: For sources, see Data Appendix. 


All Merchandise 
Groups 


(2) 


949 
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“all other” group serving as the reference 
group. 

The effect of fashion on MPS in the 
cross-section regressions should be captured 
through the coefficient of the variable for 
merchandise returns. If fashion is more im- 
portant in a group, then customer merchan- 
dise return rates will be higher in that group. 
Under this assumption the merchandise re- 
turns variable will be a significant determi- 
nant of MPS. Over time, as merchandise 
return rates have increased, there will be a 
corresponding increase in MPS as long as 
merchandise returns is an effective proxy for 
fashion. : 

Regression results are presented in Table 
4. The constant in column 1 is significantly 
different from zero while the coefficients of 
the year dummy variables are not statisti- 
cally significant. Hence, the intercept for 
men’s clothing has not increased signifi- 
cantly over time. The coefficients for the 
other groups and group-year interaction 
dummy variables tend not to be significant 
except for women’s fashion in 1984, women’s 
standard in 1965, and teens’ in 1965. More 
importantly, all three of the coefficients of 
the merchandise return variables are positive 
and significant. This means that in any year 
groups with higher merchandise return rates 
have higher-dollar markdowns relative to 
dollar sales. Assuming merchandise returns 
serve as a proxy for fashion, this finding 
suggests that fashion and MPS are directly 
related. The comparative size of the three 
coefficients means a 1 percentage point in- 
crease in the merchandise return rate in- 
creases MPS more in 1984 than it did in 
1977 and more in 1977 than it did in 1965. 

Very similar results are obtained when all 
merchandise groups are included (column 2). 
The reference group in this regression is the 
“other” group. The intercept is significant in 
1984 but not in 1977, so there is some evi- 
dence that MPS increased by about 2.5 per- 


l6 While the rise in merchandise return rates over 
time could be due to the increase in lower-quality 
imports, this is not plausible given the rising relative 
price of apparel imports over time. The quality of 
imports has been rising, not falling over time. 


DECEMBER 1988 


centage points between 1977 and 1984 in the 
“other” group after remaining constant be- 
tween 1965 and 1977. Assuming the fashion 
element is less important for products in the 
“other” group, this result suggests that some 
factors caused MPS to increase between 1977 
and 1984. The estimated coefficients for the 
dummy variables indicate that the MPS for 
women’s fashion and the teens’ groups was 
significantly higher than the “other” group 
in 1965. By 1984, the MPS of the men’s 
group, women’s standard, teens’, and infants 
has increased relative to the MPS of the 
“other” group. 

The coefficients of the merchandise return 
variables are once again positive and signif- 
icant. These results also indicate groups 
with higher merchandise return rates have 
higher-dollar markdowns relative to dollar 
sales. It is mildly comforting that the coef- 
ficients of the merchandise return variables 
are smaller when all groups are included 
than when only apparel groups are included. 
Because merchandise returns are less likely 
to be due to fashion reasons for items in the 
“other” group, the coefficients of the mer- 
chandise return variables would be expected 
to be lower when all groups are included in 
the regression. The increase over time of the 
effect of merchandise returns on MPS is left 
unexplained. This unexplained result sug- 
gests that the merchandise return measure is 
only an imperfect proxy for the importance 
of fashion. One obvious limitation of this 
analysis is that the effect of imports on MPS 
is not accounted for in these regressions.!’ 

These results imply that the differences in 
MPS between groups are related in part to 
differences in merchandise return rates. In 
each of the three cross sections merchandise 
return rates were a significant determinant of 
MPS. A partial reason: for the rise in MPS 
for teens’ between 1965 and 1984 is that the 
merchandise return rates increased most in 
this group. Similarly, the narrowing of the 
differentials between the MPS of the women’s 


‘The absence of detailed import data for all prod- 
ucts sold by department stores prevents a more compre- 
hensive study. 
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fashion group and the MPS of the other 
apparel groups is that return rates have in- 
creased relatively more in these other ap- 
parel groups. These results provide some 
support for the notion that fashion and 
product diversity have grown in importance 
in these other apparel groups as well. 


IV. Summary 


The recent and large increases in mark- 
downs relative to dollar sales and the per- 
centage markup appear to be related to the 
growing importance of fashion and product 
assortment. The theory of clearance sales is 
helpful in explaining and understanding 
these recent trends. It predicts a rise in the 
percentage markup and the dollar mark- 
downs relative to dollar sales when price 
uncertainty increases and price uncertainty 
- increases when more fashion-type merchan- 
dise is sold. Though markdowns relative 
to dollar sales have been historically larger 
for women’s fashion merchandise than for 
women’s undergarments, or for men’s ap- 
parel, these differences have been narrowing 
since the mid-1960s. Markdowns relative to 
dollar sales for men’s clothing are approach- 
ing those for women’s fashion clothing. It is 
now larger for teens’ and junior clothing 
than for any other apparel groups. This mar- 
ket evidence certainly suggests the role of 
fashion has expanded in recent years to en- 
compass other apparel groups in addition to 
women’s fashion clothing. 

The clearance theory has proven helpful in 
understanding recent time-series trends, in 
explaining differences in markdown policies 
between merchandise groups and in explain- 
ing why markdowns peak in July and Jan- 
uary, the end of the spring—summer and 
fall-winter seasons. These major regularities 
are not easily explained by other theories of 
sales. Still, not all sales can be explained by 
the clearance theory. Temporary promo- 
tional sales cannot be avoided by even the 
most casual reader of newspaper ads. These 
short-term price promotions are more dif- 
ficult to explain. It is unclear whether exist- 
ing primitive theories of temporary sales have 
enough testable implications to explain this 
type of sale. 
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The question of why fashion has become 
more important in recent years has been 
touched upon but only briefly. Fashion is 
undoubtedly a superior good. Yet mark- 
downs and markups only began to rise 
around 1970 even though real per capita 
income has been increasing throughout the 
post-World War II period. This suggests the 
underlying explanation for the growing im- 
portance of fashion apparel may be found 
on the supply side and not the demand side. 
Though the preliminary time-series results 
failed to offer confirming evidence, the trend 
toward fashion may be due to the recent 
technological changes in the weaving and 
knitting of fabric. These changes have low- 
ered the set-up cost of changing designs and 
patterns and thereby reduced the cost of 
producing short runs of fashion fabric. The 
deeper cause for the growing role of fashion 
may spring from these technological changes. 


DATA APPENDIX 


Figure 1: 

1925-1960: Markdowns relative to dollar sales and 
markon reported in Malcolm P: McNair and Eleanor G. 
May, The American Department Store, 1920-1960, pp. 
22-25. 

1961-1965: Markon estimated by taking the markon 
figures reported in National Retail Merchants Associa- 
tion, Merchandising and Operating Results of Depart- 
ment and Specialty Stores in 1965 and multiplying by 
1.054 to adjust for the average percentage difference (in 
1959 and 1960) between the level of markon reported 
by McNair and May and by the National Retail Mer- 
chants Association. 

1966-1984: Markdowns relative to dollar sales and 
markon reported in selected issues of National Retail 
Merchants Association, Department and Specialty Store 
Financial and Operating Results, annual. 


Figure 2: 

Data for color of sheets are reported in Bureau of 
Census, Sheets, Pillowcases, and Towels, Current In- 
dustrial Reports, MQ 23X. Market shares are based on 
value of shipments of flat and fitted sheets (except crib) 
by U.S. mills. Market shares are calculated from the 
sale of all types of sheets from 1960-74; from the sale 
of polyester-cotton blends from 1975-82 (major share 
of the market); and from all sheet sales from 1983-86. 


Figure 3: 

Men’s Dress Shirts: Data for color of men’s dress 
shirts were kindly supplied by Cluett Peabody and 
Company and are based on diary records of a panel 
sponsored by the Market Corporation of America. These 
data are purchased and used by numerous retailing and 
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the textile firms to study market trends. Panel composi- 
tion has changed periodically over the years so the data 
are not strictly comparable from year-to-year (the 
latest change occurred in 1983). Still, the large change 
from the 1960s to the 1980s in color used is primarily 
due to changes in the demand for colors and not to 
changes in the composition of the panel. 

Women’s Sportswear: Data for the market share of 
women’s sportswear are derived from data published in 
the Census of Business-Retail Trade, Merchandise Line 
Sales. 

For 1963-1967, the total market is defined as the 
sum of dollar sales of dresses (merchandise line code 
MLC 167 for department stores and MLC 172 for 
women’s ready-to-wear stores) and women’s sportswear 
(MLC 168 for department stores and MLC 168 for 
women’s ready-to-wear) and is limited to combined 
sales of dresses and sportswear reported by department 
stores (SIC 531) and women’s ready-to-wear (SIC 562) 
stores. 

For 1972, dollar sales of dresses are for MLC 167 for 
department stores, MLC 224 for women’s ready-to-wear, 
and family clothing stores (SIC 565). Dollar sales of 
women’s sportswear are for MLC 226 for department 
stores, ready-to-wear, and family clothing stores. 

For 1977, dollar sales of dresses are for MLC 224 for 
department, ready-to-wear, and family clothing stores. 
Dollar sales of sportswear are for MLC 227 and 228 by 
department, ready-to-wear, and family clothing stores. 

For 1984, dollar sales of dresses are for MLC 223 by 
department, ready-to-wear, and family clothing stores. 
Dollar sales of sportswear are the sum of sales totals for 
MLC 225, 226, 227, and 228. Suits are combined with 
pantsuits, sports jackets, and blazers in MLC 225 and 
cannot be excluded from the sportswear totals in 1982. 
Suits are excluded from the sportswear totals in previ- 
ous years. 


Table 2: 

Clothing Imports Divided by Shipments of Apparel 
Industry: 

Clothing imports reported in annual issues of Statis- 
tical Abstract of the United States. Figures originally 
reported in U.S. Department of Commerce, Interna- 
tional Trade Administration, Overseas Business Re- 
ports, U.S. Foreign Trade, annual. 

Value of Shipments for the Apparel and Other Tex- 
tile Products (SIC 23), U.S. Bureau of Census, Annual 
Survey of Manufacturers, annual. Shipments from 1956 
to 1960 are not available. Shipments for these years 
were estimated by multiplying the reported industry 
value added totals in each year by 2.214725. Percent of 
the Population between 15 and 34: U.S. Bureau of 
Census, Current Population Reports, Series P-25, Nos. 
985,917, 721, 519,311. 

Percent of Shuttleless Looms: U.S. Bureau of Cen- 
sus, Broadwoven Fabrics (Gray), Current Industrial Re- 
ports, MQ 22T. Number of shuttleless looms first re- 
ported in 1968. Market share of shuttleless looms in 
1968 was 2.2 percent. Market share of shuttleless looms 
is assumed to be zero from 1956 to 1965. Market share 
of shuttleless looms was linearly extrapolated between 
1965 and 1968. 
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Tables 3 and 4: , 

Data are taken from annual publication by the Na- 
tional Retail Merchants Association in 1965, 1977, and 
1984. The 1965 publication is entitled, Merchandising 
and Operating Results of Department and Specialty Stores 
in 1965. The 1977 publication is entitled, Department 
and Specialty Store Merchandising and Operating Results 
of 1977. The 1984 edition is entitled, Department and 
Specialty Store Merchandising and Operating Results of 
1984. These publications report operating results by 
department or demand center. The classification system 
for departments was revised between 1965 and 1977 so 
the system used in 1965 is different from the systems 
used in 1977 and 1984. The definition of each of the 
variables is reported in each publication. The author 
classified the departments into the groups reported in 
Tables 3 and 4. 
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Franchising and Risk Management 


By ROBERT E. MARTIN* 


Franchising is an important and controversial form of vertical integration. Allega- 
tions of opportunistic behavior by franchisors have led to calls for public regula- 
tion and in some states “fairness in franchising” laws. The advisability of such 
regulation depends on the long-run incentives to franchise. This paper offers new 


evidence on the incentives to franchise. 


Why do some firms rely on expansion by 
franchising rather than expansion by com- 
pany-owned outlets? Why do many more 
firms rely on a mix of franchising and com- 
pany-owned outlets for expansion? There are 
two traditional explanations offered by the 
literature. Many practitioners and some 
economists argue that franchising is a means 
of raising scarce capital.t Due to the capital 
market imperfections implied by this argu- 
ment, it has not been well-received.” Alterna- 
tively, franchising may be a response to the 
monitoring problems encountered in remote 
and dispersed locations. The existence of 
parallel forms of vertical integration (com- 
pany-owned operations with franchised op- 
erations) can be explained by variations in 
the cost of monitoring.” The cost of monitor- 
ing a single site in a remote location may. be 
higher than the average cost of monitoring 
numerous outlets in a dense urban area. 


*Department of Economics, Louisiana State Univer- 
sity, Baton Rouge, LA 70803. Many usefui comments 
were received from members of the Workshop Series at 
LSU. A very special debt is owed to an anonymous 
referee, Carter Hill, Bob Newman, and Lee Adkins for 
their comments and suggestions. 

For a more complete discussion of the nature of 
franchising incentives, see Richard Caves and William 
Murphy, 1976; and Frank Mathewson and Ralph 
Winter, 1985. 

*Paul Rubin, 1978, argues that the capital shortage 
incentive to franchise is in conflict with modern capital 
theory. He maintains that selling franchise shares to 
franchisees i is less costly. Hence, raising capital by sell- 

ing, franchises would be inefficient. 

James Brickley and Frederick Dark, 1987, provide 
empirical evidence that suggests a direct relationship 
between monitoring costs and franchising. 
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Another related’ set of incentives to fran- 
chise are identified and tested in this paper. 
The exploitation of economies of scale in 
promotion and in monitoring requires large 
numbers of outlets at heterogeneous loca- 
tions. Different locations have different 
expected returns and different “risk” charac- 
teristics. Franchising allows the firm to ex- 
ploit these economies of scale and at the 
same time to shed “risky” locations and 
retain more profitable sites as company- 
owned outlets. The franchisor may choose to 
franchise risky locations as a consequence of 
simple risk aversicn or, if the franchisor is 
risk neutral, because monitoring costs rise as 
risk increases.* A location with substantial 
variation in sales will require closer supervi- 
sion as a company-owned outlet than a loca- 
tion with very little variation in sales. Hence, 
higher risk may induce higher monitoring 
costs. The franchisor’s. ability to shift risk to 
franchisees will be limited by the franchisee’s 
risk aversion? and by the expected prof- 
itability of the sites. Franchisees will be will- 


*I am indebted to an unknown referee for observing 
that “risk” may influence the franchisor’s organiza- 
tional mix through monitoring costs even if the fran- 
chisor is risk neutral. 

“It has been observed by Rubin (1978, pp. 225-26) 
and others that the representative franchisee’s invest- 
ment is undiversified relative to the representative fran- 
chisor. From this it is concluded that the franchisee will 
be more risk averse than the franchisor. I suggest that 
the choice of a less diversified investment reflects less 
risk aversion on the part of franchisees. Recall that 
franchisees are drawn from the more entrepreneurial 
agents in our society, since they chose to start their own 
business rather than seek employment. 


VOL. 78 NO. 5 


ing to accept higher risk if they are rewarded 
appropriately with higher expected returns. 

The paper proceeds as follows. Section I 
contains a discussion of the franchising 
choice under risk and variable monitoring 
costs. Section II contains a long-run empiri- 
cal model using firm-specific data. Franchis- 
ing life-cycle functions are estimated in this 
section. The capital shortage, relative prof- 
itability, and risk hypotheses are tested in 
the short-run model in Section III. The final 
section contains a summary of the implica- 
tions. 


I. Monitoring and Risk in Franchising 


Agency problems abound in the choice of 
organizational form.® The nature of most 
franchised businesses is such that there are 
numerous, geographically dispersed produc- 
tion centers. Geographic dispersion creates 
special monitoring problems for the firm. 
Managers of company-owned outlets may 
shirk since their supervisors are not in per- 
manent residence. Greater dispersion in lo- 
cations implies more supervisors and higher 
monitoring cost since more time is lost mov- 
ing between locations. Shirking incentives 
are reduced by the franchise agreement since 
the franchisee has a claim on the residual. 
Hence, we may expect that remote locations 
will be franchised and that geographically 
concentrated locations will be retained as 
company outlets. James Brickley and Fred- 
eric Dark’s (1987) empirical evidence sug- 
gests that franchised units are more likely to 
be located in rural and small urban areas 
while company-owned outlets are concen- 
trated in larger urban areas. 

Franchised outlets must also be monitored 
and the franchisors incur opportunity costs 
for each site that is franchised. The fran- 
chisor must forego income equal to the fran- 
chisee’s profit share net of the earnings from 
the reinvested franchise fee. Franchisees have 
an incentive to free ride against the quality 
choice of other franchisees and the com- 


é Representative discussions of the agency problems 
encountered can be found in Brickley and Dark, 1987; 
Mathewson and Winter, 1985; and Rubin, 1978. 
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pany-owned outlets. In order to preserve the 
brand-name capital, which is the principal 
asset in many cases, the franchisor must 
monitor the franchisee’s quality choice. The 
need to monitor the franchisee’s quality 
choice declines as the proportion of repeat 
customers increases. The market will moni- 
tor the quality choice when transient cus- 
tomers are rare. The highest proportion of 
repeat customers is most likely to be ob- 
served in rural and small urban areas. The 
highest proportion of transient customers is 
most likely to be observed in urban areas 
with high population densities and along 
high traffic corridors. Hence, quality moni- 
toring reinforces the tendency to franchise 
outlets in the more remote locations. In any 
event, monitoring costs are a very important 
element in the selection of organizational 
form. 

There are also substantial incentives for 
the firm to use franchising move intensively 
in the short run, beyond what might be 
implied by monitoring costs. Richard Caves 
and Wiliam Murphy (1976), and Frank 
Mathewson and Ralph Winter (1985) argue 
that economies of scale exist in the promo- 
tion of national brand names. The minimum 
efficient scale for the exploitation of national 
or regional brand names would be measured 
by the number and dispersion of outlets 
(either franchised or company-owned). Little 
is to be gained by mass-media advertising in 
markets where the firm has few outlets. The 
gains from advertising rise as the number of 
outlets increases. The young firm may have a 
competitive imperative to reach the mini- 
mum efficient scale as quickly as possible.” 
Since franchised outlets require less monitor- 
ing, the firm can expand more rapidly with 
franchised outlets than with company-owned 
outlets. As the firm matures, franchise con- 
tracts expire, and the firm will begin to ex- 
ploit economies of scale in the monitoring of 
company-owned outlets. Hence, the propor- 


"Patrick McGuire, (1971, p. 6), reports that “...the 
single most important reason for adopting franchised 
distribution would be to conserve or acquire capital, 
while at the same time attempting to establish an effec- 
tive distribution network as quickly as possible.” 
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tion of company-owned outlets as a function 
of years in franchising should exhibit a con- 
vex structure. We may also expect the term 
of franchise contracts to be shorter for young 
firms than for mature firms. 

Heterogeneous locations also imply dif- 
ferences in expected profitability and risk by 
location. If the franchisor is risk neutral or 
risk averse, that person will retain locations 
with high expected profitability since the op- 
portunity cost of franchising is higher for 


these locations. The firm’s cost of franchis- . 


ing rises relative to the cost of monitoring 
company outlets as expected profitability in- 
creases. Hence, there is a strong incentive to 
retain more profitable sites as company- 
owned outlets. 

The role of risk in the choice of organiza- 
tional form is more debatable, however. It 
may be argued that firms are risk neutral, 
since stockholders can costlessly diversify 
their portfolios.’ Observed behavior and the 
extensive theory of the firm under uncer- 
tainty suggest that firms have nonlinear atti- 
tudes toward risk. For example, the nsk-neu- 
tral firm would not buy insurance.’ Yet, 
firms spend more for insurance premiums 
than they pay in dividends.!° Louis DeAlessi 
(1987) notes that the controlling stock- 
holders of many firms do not completely 
diversify their portfolios, even though the 
transactions cost of such diversification are 
negligible. He cogently argues that incom- 
plete diversification by some shareholders is 


®If the market for managers is imperfect and a 
substantial portion of a management’s human capital is 
in firm-specific investments, the firm may be risk averse. 
De Alessi’s, 1987, explanation of why firms have nonlin- 
ear attitudes toward risk does not depend on imperfect 
markets. 

*Since insurance premiums are not actuarially neu- 
tral, the purchase of insurance would reduce stockhold- 
ers’ equity. Some have argued that firms hire the insur- 
ance company’s expertise and it is not insurance that 
they purchase. This argument is weak. The expertise can 
be hired without also purchasing insurance. Why would 
the risk-neutral firm purchase the bundled product when 
they are available separately? 

David Mayers and Clifford Smith (1982, p. 281), 
report that business firms paid some $12 billion more in 
insurance premiums than they paid in dividends in 
1978. 
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optimal. There is a tradeoff between diversi- 
fication and control. Complete diversifica- 
tion by all stockholders offers little incentive 
to monitor the firm’s management and such 
monitoring is not a costless endeavor. Hence, 
partial diversification by some stockholders 
is in the interest of all stockholders. The 
undiversified portfolios of the controlling 
stockholders imply that risk does matter. 

Risk may also affect the cost of monitor- 
ing company-owned outlets. Greater vari- 
ability in sales implies more frequent periods 
when sales are less than expected. Periods 
with low sales require more management 
inputs and this implies rising monitoring 
costs. If monitoring costs rise with variabil- 
ity, “risky” locations will be franchised. 
Variability would lead to franchising in this 
case, even if franchisors are risk neutral. 

There is substantial observational equiva- 
lency between the monitoring incentive to 
franchise and the risk avoidance incentive to 
franchise. High population densities and di- 
versified local economies in urban areas 
should have a tendency to smooth sales. 
Hence, risk should be lower in urban areas 
than in remote rural areas with undiversified 
local economies. Risk avoidance would im- 
ply that urban locations will be retained as 
company-owned outlets, just as lower moni- 
toring costs would imply that these locations 
will be retained by the franchisor. 

Some insights into these issues can be 
obtained by comparing the performance of 
the representative company-owned outlet 
with the performance of the representative 
franchised outlet by industry. The data for 
the performance ratios contained in Table 1 
cover the period from 1969 through 1986. 
The average sales ratio in column 1 is ob- 
tained by dividing average sales per com- 
pany-owned outlet by average sales per fran- 
chised outlet. Note that this ratio is greater 
than one for every industry except one and 
that the -average value, for all industries is 
over three. These statistics are consistent with 
the existence of scale economies in monitor- 
ing and the hypothesis that franchisors re- 
tain locations with the highest expected 
profits as company-owned outlets. The sta- 
tistics in columns 2 and 3 are obtained by 
estimating an exponential sales growth func- 


Data Source: Franchising in the Economy. 

The relevant company-owned statistic divided by the franchised statistic. 

Tac/of ] where o is the standard error of the regression. In each case, the natural 
log of sales per outlet was the dependent variable and time was the independent 


variable. 


tion for both company-owned sales per out- 
let and franchised sales. per outlet. Column 2 
reveals that company-owned sales per outlet 
grew more rapidly than franchised sales per 
outlet over the same period in 9 of the 16 
industries and that the average ratio was 
greater than one. 

The statistic in column 3 of Table 1 is a 
measure of the “risk” in company-owned 
sales relative to the “risk” in franchised sales 
per outlet."! The standard regression errors 
from the respective exponential sales growth 
functions were used to calculate the ratio of 
the standard regression errors. The regres- 


“Again, I am indebted to an unknown referee for 
suggesting this risk measure. 
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TABLE 1— PERFORMANCE RATIOS? 1969-1986 
Compound Growth Standard 
Average Sales Rate in Sales Regression 

Industry per Outlet per Outlet Error” 
Automotive Products 

and Services 3.63 1.45 1.70 
Accounting, Credit, 

Collection, and 

Business Services 4.42 1.16 84 
Employment Services 1.70 90 16 
Printing and Copying, l 

Services 1.10 .98 l 12 
Miscellaneous Business 

Services 5.23 1.92 1.14 
Const., Home Imp., Maint. 

and Cleaning Services 7.81 2.14 4.82 
Convenience Stores .97 1.26 1.91 
Educational Products 

and Services 1.39 1.74 39 
Restaurants 1.28 .78 28 
Hotels, Motels, and 

Campgrounds 2.10 1.48 42 
Recreation, Ent., and 

Travel 6.81 1.43 4.15 
Rental Services 5.12 63 35 
Retailing 2.26 34 6.16 
Gasoline Service Station 1.02 98 74 
Laundry, Drycleaning 

Service i 2.69 2.51 2.51 
Miscellaneous 1.96 .62 1.34 

Average 3.11 1.27 1.73 


sion error measures the unexplained varia- 
tions in sales from the estimated exponential 
growth function. The ratio in column 3 is 
less than one in 8 of the 16 industries, while 
the average is greater than one. The mixed 
results across industries regarding relative 
risk bearing may reflect reputation effects, as 
well as relative risk aversion between fran- 
chisors and franchisees. Mathewson and 
Winter (1985, p. 503) report that many fran- 
chisors face persistent queues of potential 
franchisees and the long-term growth 
prospects vary substantially across indus- 
tries. The franchisors in the favored indus- 


12 The variation in growth rates by industry is readily 
revealed by the growth functions estimated for sales per 
outlet. 
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tries would be in a position to offer less 
advantageous terms to franchisees than fran- 
chisors in less favored industries. 


H. Franchising Life Cycles 


Franchising life-cycle functions for each 
industry are estimated in this section. These 
functions have two applications: They reveal 
the representative firm’s long-run proportion 
of company-owned outlets (PCO) and they 
are used to control for the effect of franchise 
system maturity in the industry model in 
Section III. There are 949 franchising orga- 
nizations represented in the firm-specific 
sample. The firms are distributed among 16 
different industries. The data for each orga- 
nization consist of the number of years the 
firm has been franchising (YF), the number 
of company-owned outlets (COE), and the 
number of franchised outlets (FOE). All of 
these data were obtained from The 1985 
Franchise Annual and the Source Book of 
Franchise Opportunities. 

Consider the implications of the extreme 
forms of the capital shortage hypothesis and 
the monitoring hypothesis. If capital short- 
ages are the only reason for franchising, then 
franchising will be a transitory phenomenon. 
As the firm’s liquidity improves with matu- 
rity, PCO will converge to one. If franchising 
is a superior incentive system and monitor- 
ing costs are uniform, then company-owned 
outlets will be a transitory phenomenon. As 
franchised outlets drive alternative forms of 
organization out of the market, PCO will 
converge to zero. The strict long-run ver- 
sions of these two hypotheses have sharply 
contrasting implications. Thus, an examina- 
tion of the relationship between the life cycle 
of the firm, as measured by years in franchis- 
ing (YF), and the proportion of company- 
owned outlets is in order. 


A. Life-Cycle Functions 


The estimation of PCO life-cycle functions 
is a limited dependent variable problem.” 


DA general discussion of the empirical problems 
encountered in this case can be found in Judge, 
Griffiths, Hill, and Lee (1980, pp. 582-621). 
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PCO is bounded on the unit interval. If 
YF=0, then PCO =1. The logit transforma- 
tion ensures that the predicted values for 
PCO will be restricted to the unti interval. 
The loglinear function to be estimated is 


(1) In[PCO,/(1-PCO,)] 
= b, YF, + 0Y F? + 0,- YF? 
Ed e;,/ |P- P;)}, 


where P, is the true population value of 


i 


PCO;. Equation (1) is estimated with 


weighted least squares, where PCO,(1— 


PCO,) is a consistent estimator of P,(1— P,). 
A more complete discussion of the estima- 
tion technique can be found in George Judge, 
William Griffiths, Carter Hill, and Tsoung- 
Chao Lee (1980, pp. 592-93). 

The estimated logit life-cycle equations are 
contained in the Appendix. Fourteen of the 
sixteen equations are significant at the .10 or 
better level. Plots of the life-cycle functions 
over a 30-year period reveal that five of the 
functions decline monotonically, seven of the 
functions are convex with unique interior 
minimums, three of the functions have both 
an interior minimum and maximum, and 
one is concave with a unique maximum. The 
three functions with both an interior mini- 
mum and maximum are convex over the first 
15 years in franchising. The concave func- 
tion is one of the two logit functions that 
was not significant. The other insignificant 
function was one of the monotonic func- 
tions. Thus, 10 of the 14 significant equa- 
tions exhibit a convex structure. These re- 
sults are consistent with the existence of 
economies of scale in the promotion of na- 
tional brand names and the competitive im- 
perative to reach the minimum efficient scale 
as soon as possible. 

Table 2 contains three separate estimates 
of the long-run PCO for each industry. The 
life-cycle estimate of long-run PCO is ob- 
tained by computing the logit estimate for 
the year in franchising that lies one standard 
deviation above the average number of years 


14See the weighted least squares model of the logit . 


estimator in Judge, Griffiths, Hill, and Lee (1980, pp. 
592-93). 


t 
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TABLE 2—LONG-RUN PROPORTION OF COMPANY-OWNED OUTLETS: LOGIT LIFE-CYCLE FUNCTIONS 


re opined Life Cycle Oldest Firm Mature Firms Young Firms 

Industry PCO Year PCO Years? PCO Years’ PCO Years? PCO 
Automotive Products 

Services .20 23 05 50 .09 24 14 d .22 
Accounting, Credit, 

Collection, and 

Business Services .13 22 24 39 .00 21 .08 6 16 
Employment Services .21 19 .34 33 15 19 21 5 21 
Printing and Copying 

Services 13 15 .02 22 39 16 .06 5 17 
Miscellaneous Business 

Services aS 12 .40 24 33 12 .11 4 .18 
Const., Home Imp., 

Maint. and Cleaning 

Services .16 16 SEI 40 .00 15 10 5 .20 
Convenience Stores 22 23 43 56 60 23 09 5 30 
Educational Products 

and Services 27 15 at 25 04 15 pe af 4 36 
Restaurants 32 20 36 59 .02 21 25 5 .36 
Hotels, Motels, and 

Campgrounds .18 41 28 73 56 44 27 14 15 
Recreation, Ent., and 

Travel 13 19 04 31 02 19 04 4 19 
Rental Services 16 26 38 60 28 27 17 6 15 
Retailing 16 18 S55 56 06 19 25 4 31 
Real Estate 15 19 38 40 60 21 11 6 17 
Consumer Services .26 15 .29 49 .03 14 19 4 .30 
Miscellaneous 23 25 .70 72 .09 26 09 3 28 


Industry average YF plus one standard deviation. 
> Number of years in franchising. 


in franchising for each industry. The evalua- 
tion of the logit life-cycle functions at one 
standard deviation above the industry aver- 
age is admittedly arbitrary. The purpose is to 
obtain a point estimate that reflects the PCO 
of a mature firm, one that is well within the 
sample experience and not from the upper 
tail of the age distribution. The second esti- 
mate of the long-run PCO by industry is the 
actual proportion of company-owned outlets 
for the oldest firm in each industry. The 
third estimate of the long-run PCO by indus- 
try is the average PCO for the mature firms 
in each industry. The mature firms are de- 
fined to be those firms that have been in 
franchising for a period longer than the aver- 
age number of years in franchising for each 
industry. The last column in Table 2 con- 
tains the average PCO for the young firms, 
those firms who have been in franchising for 
a period less than the average number of 
years in franchising. 


A review of the results in Table 2 reveals 
that none of the proportions are within 10 
percentage points of one. Only three of the 
proportions are greater than .5 and in each 
of these three cases the alternative estimates 
are substantially lower. The highest value 
was .70 for the logit estimate in the miscella- 
neous category. The other two estimates in 
the miscellaneous category imply that the 
long-run PCO is approximately .09. Alterna- 
tively, 13 of the 48 PCOs estimated in Table 
2 are between zero and .05. Consistently 
small estimates are found in one of the 16 
industries and 9 of the 16 oldest firms have 
PCOs between zero and .05. Twenty-nine of 
the 48 PCOs are between .05 and .50. The 95 
percent confidence intervals for the life-cycle 
point estimates are contained in the Ap- 
pendix. The upper bounds are all signifi- 
cantly less than one, except for the misceila- 
neous category. Four of the lower bounds 
include zero. The intervals are consistent 
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with the hypothesis that long-run PCOs are 
bounded away from one, but not away from 
zero. Franchising is a permanent form of 
distribution in each industry and the long- 
run values appear to lie between zero and 
50. 


B. Profitability, Risk, and the Long-Run 
PCO 


The life-cycle functions allows us to con- 
trol for the age of the representative fran- 
chisor. In principal, it should be possibly to 
directly test whether the long-run PCO de- 
pends on relative profitability and relative 
risk. For example, we might include the ratio 
of average sales (RAS,), the standard error 
from the loglinear function estimated for 
company-owned sales per outlet (SEC,) and 
the standard error from the loglinear func- 
tion estimated for franchisee-owned sales per 
outlet (SEF,), in an aggregate logit life-cycle 
function which also includes the number of 
years in franchising as a third-degree poly- 
nominal. There are estimation problems with 
this approach, however. The long-run PCO 
is chosen from a portfolio of locations with 
different expected profitability and risk. In 
turn, the short-run PCOs determine RAS,, 
SEC,, and SEF. Therefore, long-run PCO,, 
RAS, SEC, and SEF, are simultaneously 


determined. The estimation of equation (3) . 


with RAS,, SEC,, and SEF, will suffer from 
simultaneity bias. 

A solution is found by using the: logit 
life-cycle functions as instrumental variables 
for the estimation of the long-run PCO in a 
two-step procedure. In each industry, PCO, 
is the predicted long-run PCO for the year in 
franchising that lies one standard deviation 
above the average YF for that industry. The 
equation estimated with weighted least 
squares 1S 


(2) PCO=1.1946— .0451RAS 
: (8.355) (2.829) 


0053SEF 
(3.005) 


+ .0033SEC— 
(1.576) 


R? = 5740 F=6.840, 
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where the absolute ¢ values are in parenthe- 
ses. The signs and the significance levels are 
qualitatively the same as those we obtain by 
estimating the logit function in equation (1) 
with RAS, SEC, and SEF, Equation (2) re- 
veals that low long-run PCOs are associated 
with higher levels of company-owned sales 
per outlet relative to franchised sales per 
outlet. Low PCOs are also associated with 
less “risk” in company-owned outlets and 
with more “risk” in franchised outlets. The 
more selective the franchisor is about the 
outlets that person retains as company- 
owned units, the more profitable and less 
risky they appear relative to the franchised 
units. The representative franchisor’s ability 
to be selective in the retention of company- 
owned outlets most probably depends on 
differences in reputation effects across indus- 
tries. 


HI. Industry Model 


Considerable variation can be observed in 
the short-run proportion of company-owned 
outlets. The proportion varies across indus- 
tries and over time. The purpose of this 
section is to test whether credit market con- 
ditions, the life-cycle functions, relative 
profitability, and risk influence the short-run 
variations in PCO, The short-run model pro- 
vides an opportunity to discriminate be- 
tween. the risk avoidance effect and the risk- 
induced higher monitoring cost effect. 

The short-run proportion of company- 
owned outlets for the ith industry. in the rth 
time period is PCO,- PCO,, is equal to the 
total number of company-owned outlets in 
the industry divided by the sum of both 
types of outlets. Hence, PCO,, is the propor- 
tion chosen by the representative firm in the 
ith industry during the tth time period. 
Company-owned sales per outlet and fran- 
chised sales per outlet are CSO, and FSO,,, 
respectively. PCO,,, CSO,,, and FSO,, pro- 
vide the foundation for the empirical model 
of the representative franchisor by industry. 
The industry data corisist of time-series 
and cross-sectional information for eighteen 
franchising industries. The time period cov- 
ers 1969 through 1986. These data were col- 
lected from Franchising in the Economy. 
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A. The Short-Run Model 


Tight credit conditions imply high real 
rates of interest and in some instances credit 
rationing. In any event, marginal borrowers 
will be rationed out of the market by either 
the high real interest rates or the loan quali- 
fication process. If the franchisor is unwill- 
ing to adjust the mix of company owned to 
franchised outlets at the margin, that person 
must forego attractive opportunities and. ex- 
perience a slower rate of growth. Suppose 
the franchisor is a mature firm with estab- 
lished brand-name capital. Tight credit con- 
ditions may reduce the number of qualified 
franchisees relative to the number of attrac- 
tive sites this franchisor has available. If the 
franchisor does not retain these sites as com- 
pany-owned outlets, they may be lost or, 
worse yet, lost to a competitor. If the estab- 
= lished franchisor retains the surplus sites as 
company-owned outlets, that person also re- 
tains the opportunity to sell them as fran- 
chised outlets at a later date when credit 
conditions improve. 

If the franchisor is a young immature firm, 
that person may be the marginal borrower 
relative to qualified franchisees. Or, the terms 
on which the firm can borrow may represent 
an unacceptable dilution of equity.° The 
failure to adjust its PCO at the margin would 
represent the loss of attractive sites and a 
slower rate of growth. If there is a competi- 
tive imperative to reach the minimum effi- 
cient scale as soon as possible, an additional 
incentive to franchise sites the firm would 
otherwise retain as company-owned outlets 
would exist. The franchisor can recapture 
the site as a company-owned outlet when the 


z By definition, a young or immature franchisor is a 
firm that is unlisted and does not have access to na- 
tional capital markets. Funds for expansion by com- 
pany-owned outlets must be obtained from venture 
capitalists, who will require a substantial portion of the 
equity in exchange. Venture capital funding may in- 
volve loss of the controlling interest. The rewards for 
entrepreneurship are the capital gains obtained from 
“taking the organization public.” Hence, dilution of the 
equity is the franchisor’s primary concern. Franchising 
allows the firm to achieve “off balance sheet” financing 
that does not dilute equity. 
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franchise contract expires. Although both 
mature and immature franchisors may adjust 
short-run PCO in response to credit market 
conditions, the adjustments are in the oppo- 
site direction. We expect to find the mature 
firm’s PCO rising during tight credit condi- 
tions and the immature firm’s PCO declining 
during tight credit conditions. These charac- 
teristics should be reflected across industries, 
in part, by differences in total investment 
required per outlet and the ratio of mature 
to immature franchisors. A real interest rate 
variable (RINT,_,) is included in the regres- 
sions in order to control for credit market 
conditions. RINT,_, is the difference be- 
tween the federal funds rate and the annual 
percent change in the GNP implicit price 
deflator in t—1. A separate real interest rate 
coefficient is estimated for each industry. 
Risk aversion and risk neutrality imply 
that the franchisor will retain the sites with 
higher expected profits as company-owned 
outlets. Subjective profit expectations imply 
that the franchisor will alter the short-run 
PCO at the margin if observed relative prof- 
itability deviates substantially from expected 
relative profitability. Since the franchisor 
does not have perfect foresight with respect 
to profits or the moments of the true distri- 
bution of random profits, one can expect to 
observe learning behavior in the short run. 
Suppose the relationship between profit 
margins on company-owned sales and fran- 
chised sales remains stable over the cycle. 
Then, the ratio of company-owned sales per 
outlet to franchised sales per outlet, say RS,,, 
will be an accurate measure of relative prof- 
itability. The expected ratio of sales is the 
out-of-sample average RS for the preceding 
five years. Thus, ERS, is the average value 
for RS from t—5 through ¢—1. The unan- 
ticipated deviation in relative profitability 
observed in ¢—1 is UDRS,_,=RS,,.- 
ERS,,_,. If observed relative profitability is 
equal to expected relative profitability, the 
franchisor would have no incentive to alter 
the short-run PCO in time period ¢. The first 
five years of observations for each industry 
are sacrificed in order to calculate UDRS. 
Another year is lost in the lag operation, 
since PCO, depends on UDRS,,_,. More 
importantly, the out-of-sample techniques 
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TABLE 3— FIRST EQUATION,? PROPORTION OF COMPANY-OWNED OUTLETS 


Industry 


Automotive Products 
and Services: 

Accounting, Credit, 
Collection Agencies, 
and General Business 
Services 

Employment Services 


Printing and Copying 
Services 

Tax Preparation 
Services . 

Misc. Business Services 


Construction, Home 
Improvement, Maint., 
and Cleaning Services 

Convenience Stores 


Educational Products 
and Services 
Restaurants 


Gasoline Service 
Stations 

Hotels, Motels, and 
Campgrounds 


Laundry and Drycleaning 


Services 
Recreation, 

Entertainment 

and Travel 
Rental Services 


Retailing 
Soft Drink Bottlers 


Miscellaneous 


“All absolute ¢ values are in parentheses. 


Intercept 
Terms 


Bi 
O 


10255 
(33.308) - 


02463 
(3.848) 
26985 
(19.317) 
05473 
(5.442) 
— 00718 
(46.585) 
03508 
(4.756) 


04588 
(8.057) 
64543 
(83.946) 
18436 
(10.920) 
28774 
(76.266) . 
19120 
(60.420) 
15771 
(16.926) 
02307 
(3.795) 


02765 
(5.248) 
23744 
(26.331) 
28143 
(59.649) 
04330 
(5.512) 
09535 
(8.435) 


F = 1222.55 


Interest 
Rates 
Qi 


00393 
(4.323) 


— 00151 


(1.001) 
01453 
(3.478) 
— 00598 
(2.512) 
48414 
(2.317) 
00090 
(0.627) 


— 00238 
(1.774) 
— 01359 
(5.932) 
— 01850 
(4.687) 
00722 
(6.702) 
— 00237 
(3.407) 
— 00230 
(0.903) 
00294 
(1.420) 


00203 
(1.646) 
— 00749 
(3.158) 
00702 
(5.361) 
00388 
(1.374) 
00046 
(0.156) 


used to calculate UDRS,,_, avoid the simul- 
taneity problem identified in the previous 


section.!® 


16 Ror example, regressing sales for each industry 
against time over the entire data set, computation of the 
predicted value for each year, and then taking the ratio 
of sales would introduce simultaneity bias. 
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R? = 9957 
Company-Owned Franchised 
Profitability Risk ` Risk | 
Bı B, B3” 
00216 — .04952 02585 
(3.072) (3.206) (1.020) 


The same measure of risk will be em- 
ployed in the short-run model as in the 
long-run model, except that the standard 
errors are obtained from out-of-sample esti- 
mations. SRC,, is the sales risk variable for 
company-owned outlets and SRF, 1s the sales 
risk variable for franchised outlets. SRC,, is 
equal to the standard error of the company- 
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owned sales regression model over time pe- 
riod t —4 through £ divided by the predicted 
value for t. The independent variable in the 


sales regressions was time. Two model speci-. 


fications were estimated: A simple linear 
functional form and an exponential func- 
tional form. After forecasting one year in 
advance, the root mean square error (RMSE) 
of these forecasts was calculated for the 12- 
year period. The functional form with the 
lowest RMSE was used to generate SRC, 
and SRE,,. The linear functional form proved 
to have the lowest RMSE in most cases. 
The first equation estimated was 


18 
(3) PCO,, = py Bo + BJUDRS,,_; 


j=] 
+ B,SRC,,_, + BSRF,_; 


18 
+ $ QRINT,_,, 


isl 


where the £j’s are intercept terms for each 
industry and the Q'’s are industry coeffi- 
cients for the effect of real interest rates. 
Weighted least squares was employed in 
the estimation of all equations. The rela- 
tive profitability hypothesis implies that £} 
should be positive. The risk-avoidance effect 
and the risk-induced monitoring cost effect 
imply that B, should be negative, when we 
control for franchise risk with SRF anid rela- 
tive profitability with UDRS. The greater 
the unexplained proportional variance in 
company-owned sales per outlet in the previ- 
ous period, the lower PCO should be in the 
current period. 

The results from the estimation of the first 
equation are contained in Table 3. Note that 
B, is positive and significant at better than 
the .01 level, while 8, is negative and signif- 
icant at better than the .01 level. The coeffi- 
cient for SRF is positive, but not significant. 
The risk in company-owned sales per outlet 
is significant in explaining short-run varia- 
tions in PCO, while the risk in franchisee’s 
sales per outlet is not significant. All of the 
intercept terms are positive and significant at 
better than the .01 level. Nine of the interest 
rate coefficients are negative, and seven of 
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these are significant at the .15 or better level. 
Nine of the interest rate coefficients are posi- 
tive and five of those are significant at the 
15 or better level. A joint F test on all of 
the real interest rate coefficients was con- 
ducted. The test value was F =12.54, which 
is significant at better than the .01 level. The 
F value for the entire equation was F= 
1266.44. These results are consistent with the 
relative profitability hypothesis, the risk ef- 
fects, and the short-run capital market ef- 
fects. 

The life-cycle mcdels in Section II imply 
that the number of years in franchising will 
influence the proportion of company-owned 
outlets. The industry definitions in the firm 
data set and in the industry data set are 
consistent for 14 of the 18 industries. Thus, 
we have prior information about the indus- 
try life cycle for 14 of the 18 industries. We 
cannot say what the effect of the number of 
years in franchising is on PCO for the re- 
maining four industries, so we exclude them 
from this portion of the analysis.” A pro 
forma proportion of company-owned ` out- 
lets, say PCOF,,, can be constructed from 
the logit life-cycle functions.*® 

The second equation estimated was 


(4) 


PCO,,= Ý Bj + BUDRS,_, 
= 
+ B,SRC,,_, + B3SRF,_; 


14 
+ B,PCOE,+ )) Q'RINT, 


i=l] 


The results from this equation are contained 
in Table 4. Again, ĝ is positive and signifi- 
cant at better than the .01 level; while, £, is 


“T¢ we include these industries in the sample and do 
not estimate a life-cycle coefficient for each industry, we 
are implicitly assumirg that PCO is independent of the 
number of years in franchising. 

*8Consider the convenience store industry in 1984, 
the representative firm had been in franchising for 12.85 
years at that time. Working backward and forward in 
time from 1984 using the base of YF, = 12.85 an entire 
series for PCOF, can be constructed with the logit 
life-cycle function. 
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TABLE 4— SECOND EQUATION,” Proportion of Company-Owned Outlets 
F=929.12 R?=.9944 | 
Intercept Interest Company-Owned Franchised 
Terms Rates Profitability Risk Risk Life Cycle 
Industry Ri gi By b O k By 
00251 — 04800 02657 —~ 048386 
(3.093) (2.526) (0.692) (1.775) 
Automotive Products 11998 00257 l 
and Services (12.621) (2.124) 
Accounting, Credit, 
Collection Agencies, 
and General Business .03480 —.00298 
Services (4.375) (1.765) 
Employment Services .28658 .01365 
(16.823) (3.130) 
Printing and Copying .07031 —.00885 
Services (5.500) (3.092) 
Misc. Business Services .05860 .00114 
(4.266) (0.758) 
Construction, Home 
Improvement, Maint., 06395  — .00504 
and Cleaning Services (6.765) (3.111) 
Convenience Stores .66334  — 00922 
(54.732) (2.643) ` 
Educational Products .20205. — .02050 
and Services (10.376) (4.785) | 
Restaurants 30648 00799 
(28.173) (6.617) 
Hotels, Motels, and 17201 —.00259 
Campgrounds (14.237) (0.969) 
Recreation, Entertainment, 40834 ~— 00019 
and Travel (4.362) (0.120) 
Rental Services 24335 —.00819 
(25.246) (3.319) 
Retailing 30501 00571 
(24.150) (3.940) 
Miscellaneous 10967 —.00088 
(8.208) (0.272) 





*All absolute z values are in parentheses. 


negative and significant at better than the 
.02 level. 8, is positive, but insignificant. The 
coefficient for PCOF is negative and signifi- 
cant at better than the .08 level, which im- 
plies that PCO declines as the firm and the 
industry matures. The pattern of the results 
for the real interest rate variable is the same 
as in equation (1). The joint F test for the 
interest rate coefficients yields F = 12.00. The 
F value for the entire equation is 929.12. 


B. Risk Effects 


' The risk-induced monitoring cost effect 


suggests a test to discriminate between the 


two risk effects. If greater variation in sales 
induces higher monitoring cost, the impact 
should be asymmetric. Company-owned out- 
lets that achieve sales higher than expected 
do not require more supervision. More su- 
pervision is required when company-owned 
sales fall below expected sales. Therefore, we 
divide SRC according to these positive 
(SRCP) and negative (SRCN) deviations. If 
the difference between actual sales and ex- 
pected sales (from the out-of-sample regres- 
sions) is positive; then, SRCP = SRC, other- 
wise SRCP=0. The same distinction is 
drawn for SRF; hence, we have SRFP and 
SRFN. Next, we estimate the following 
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equation 


18 
(5) PCO,, = 2 Bi + B UDRS,;, 


i=l 
+ BPSRCP,,_, + BZSCRN,,_ 
+ BPSREP,_, + B2SREN,,_ 


18 
+ © Q'RINT,_. 
aka 


Two restrictions were tested: 87 = 8} and 
By = = 7. The test was conducted with and 
without PCOF and the results were the same 
for all variables. Therefore, we report only 
the results from equation (5). 

The specific results for relative profitabil- 
ity and the positive/negative risk variables 
are contained in Table 5: The results are 
qualitatively the same for al Bj and Q', in- 
cluding the joint test of significance for all 


Q’; hence, we do not report those statistics. ` 


The F value for the entire equation was 
1222.55. The signs and significance levels are 
consistent with all of the earlier estimates. 
The F statistic for the hypothesis that 8? = 
Bz is 4.58, which is significant at better than 
the .04 level. We must reject the null hypoth- 
esis and conclude that By + 87. The effects 
of company-owned risk on short-run PCO 
are indeed asymmetric. The F statistic for 
the hypothesis that Bf = 8? is 0.81, which is 
not significant. We cannot reject the: null 
hypothesis in the case of franchised risk. 
These results are consistent with the exis- 
tence of risk-induced gner monitoring 
costs. 

If pure risk avoidance does not influence 
short-run PCO, one would expect the coef- 
ficient for SRCP in Table 5 to be insignifi- 
cant. Since SRCP is defined by the condition 
that actual company-owned sales are greater 
than expected in the prior period, one antici- 
pates that the coefficient for SRCP might be 
positive if risk avoidance does not matter. In 
fact, the coefficient is negative and signifi- 
cant at better than .01 level. Overall, the 
evidence is consistent with the conclusion 
that short-run variations in PCO are influ- 
enced by both risk effects. 


MARTIN: FRANCHISING AND RISK MANAGEMENT 


965 
TABLE 5— THIRD EQUATION 

Variable Coefficient t Statistic? 
UDRS 90301 3.727 
SRCP — .07278 3.877 
SRCN — 04231 2.688 
SRFP 02796 1.094 
SRFN .00805 0.261 


“Absolute ¢ values. 


IV. Implications 


Franchising is not a temporary phase on 
the path to complete ownership integration. 
It represents a long-run market solution to 
monitoring and risk diversification problems. 
As such, attempts to regulate franchising 
may actually reduce welfare. The franchisor 
life-cycle study reveals that the proportion of 
company-owned outlets declines in the long 
run. The signs and the significance levels of 
the relative profitability and risk variables in 
the industry model are consistent with the 
hypothesis that uncertainty does matter in 
the franchising choice. Given various sites 
with different risk and expected return char- 
acteristics, the firm will take advantage of 
the opportunity to diversify the risk and to 
shed locations with higher risk-induced mon- 
itoring costs. 

Credit market conditions do appear to 
influence the short-run mix of company- 
owned outlets and franchised outlets. In part, 
the firm’s success depends on the exposure 
provided by expansion. If the firm ceases 
expansion during tight credit markets, at- 
tractive new sites will be lost. If credit is 
available to the firm and not to the represen- 
tative franchisee, the firm will expand by 
company-owned outlets. This captures the 
site and offers the opportunity to franchise 
the location at a later date. If credit is avail- 
able to the franchisee and not to the firm, 
the firm will expand by franchised outlets. 
This also captures the site and offers the firm 
the opportunity to recapture the location as 
a company-owned outlet when the contract 
expires. These considerations explain the 
conventional wisdom among practitioners 
that capital shortages are the primary motive 
for franchising. 


ahahahahah ananaksen naaa NN 
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If franchised outlets require less supervi- 
sion than company-owned outlets and there 
are economies of scale in promotion, com- 
petitive pressures may force the firm to use 
franchising more intensively in the short run 
than it will in the long run. The desire to 
achieve the minimum efficient scale as 
quickly as possible suggests that intensive 
franchising behavior will be observed in 
the early stages of the firm’s life cycle. 
Economies of scale in monitoring suggest 
that the firm will use company-owned opera- 
tions more intensively at the margin once it 
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achieves the minimum efficient scale. The 
convex structure of many of the life-cycle 
functions is consistent with these observa- 
tions. 

Finally, the established literature has failed 
to distinguish between short-run and long- 
run incentives to franchise. The confusion 
has led to calls for regulation based on the 
observed short-run incentives to franchise, 
when the propriety of such regulation rests 
on the long-run incentives. Market forces 
and the long-run incentives to franchise ob- 
viate the need for regulation. 


TABLE Al — ESTIMATED FUNCTIONS? 


Industry YF 
Automotive Products and ~~ 0576 
Services (1.337) 
Accounting, Credit, 
Collection Agencies, 
and General Business ~ 4956 
Services (4.188) 
Employment Services — 2378 
(1.383) 
Printing and Copying — 3868 
Services (1.833) 
Miscellaneous Business — 0885 
Services (.638) 
Construction, Home 
Improvement, Maintenance, — 3319 
and Cleaning Services (4.825) 
Convenience Stores 0464 
(.350) 
Educational Products and ~ 4472 
Services (1.723) 
Restaurants 0208 
(1.117) 
Hotels, Motels, and — 0463 
Campgrounds (.631) 
Recreation, Entertainment, ~~ 1096 
and Travel (.492) 
Rental Services — 5148 
(2.621) 
Retailing — 1715 
(3.487) 
Real Estate Services — 3309 
` (2.129) 
Consumer Services ~~ 3653 
(5.444) 
Miscellaneous — 3335 
(2.366) 


“All absolute ¢ values are in parentheses. 


YF? YF F R? 
— 0059 .0001 65.769 .7953 
(1.862) (2.571) 
0303 — 0005 36.979 8571 
(2.560) (1.699) 
0164 — 0003 4.436 2839 
(1.100) (.992) 
0132 0014. 33.258 8432 
(.540) (1.910) 
— 0158 0005. 0.473 — 0556 
(.731) (.594) 
0172 — 0003 47.739 6767 
(2.609) . (2.211) 
~ 0003 — 0001 2.718 1654 
(031) (.402) 
0412 —.0011 4.062 3379 
(1.284) (1.234) 
— 0038 0001 60.047 .4090 
(3.470) (4.264) 
— 0001 .00002 1.425 .1038 
(.028) (.290) 
— ,0079 0002 7.963 5987 
(.314) (.393) 
0273 — 0003 6.000 4839 
(2.441) (2.395) 
0141 — 0002 12.997 2322 
(4.034) (4.298) 
0508 — 0018 2.833 2820 
(2.288) (2.472) 
0266 — 0004 19.706 .4346 
(4.475) (4.415) 
.0202 — .0002 5.564 .5130 
(1.463) (1.341) l 
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TABLE A2— ASYMPTOTIC 95 PERCENT CONFIDENCE INTERVALS? 
FOR LIFE-CYCLE POINT ESTIMATES 
Lower Predicted Upper 
Industry Bound PCO Bound 


Automotive Products 

and Services 02 05 08 
Accounting, Credit i 

Collection, and 


Business Services 10 24 38 
Employment Services 19 34 49 
Printing and Copying 

Services O1 02 .03 
Miscellaneous Business 

Services 19 .40 61 
Const., Home Imp., Maint. 

and Cleaning Services .06 Al 16 
Convenience Stores a 43 55 
Educational Products 

and Services .00 .21 45 
Restaurants 33 36 39 
Hotels, Motels, and 

Campgrounds .00 .28 .57 
Recreation, Ent., and Travel .00 04 12 
Rental Services | 24 38 2 
Retailing 51 | 55 59 
Real Estate 15 38 6) 
Consumer Services .20 29 38 


Miscellaneous 00 .70 1.00 





“Let PCO* be the upper/lower bound. Then, PCO* =PCO* +1.96(GG)'/?, where PCO” is the predicted 
value, G is the gradient vector of PCO = F(£) with respect to the parameters and $ is the covariance matrix of the 


estimated parameters. 


APPENDIX I: DATA DEFINITIONS AND 
“4 SOURCES 


Firm Data. The data for franchising organizations 
were obtained from two sources: the 1985 Franchise 
Annual (FA) and The Source Book of Franchise Oppor- 
tunities (SB). For the 949 franchising organizations con- 
tained in the sample I obtained the number of com- 
pany-owned outlets, the number of franchised outlets, 
the year in which the firm first began franchising, and 
the industry to which the firm belongs. The 949 firms 
represent all of the organizations in either FA or SB 
that reported these data. Both of these publications 
contain franchise contract data such as royalties, fran- 
chise fees, total investment required, and contract pe- 
riod. 

Industry Data. The industry data were assembled 
from Franchising in the Economy 1985-1987 (FE). For 
each of the eighteen industries and for each year from 
1969 through 1986, I collected the total number of 
company-owned establishments in the industry (TCO,,), 
the total number of franchisee-owned establishments in 
the industry (TFO,,), the total industry sales by com- 
pany-owned establishments (TSCO,,), and the total 
industry sales by franchisee-owned establishments 
(TSFO,,). Hence, PCO, = TCO,,/(TCO,, + TFQ,,), 


CSO,, = TSCO,, /TCO,,, and FSO, = TSFO,, /TFO,,- 
PCO,,, CSO,,, and FSO,, are the statistics for the repre- 
sentative franchisor in the ith industry in the rth year. 
The ratio of company-owned sales per establishment to 
franchisee-owned sales per establishment is RS,,= 
COS,,/FOS,, and the expected sales ratio is ERS; = 
[L;—_1RS,,]/5. The company-owned sales risk variable 
(SRC,,) and the franchisee-owned sales risk variable 
(SRE,) in the industry model are obtained from the 
five-period sales regression against time as described in 
the text. 

The real interest rate data were obtained from the 
Statistical Abstract of the United States 1988. RINT, is 
equal to the federal funds rate in ¢ minus the annual 
percent change in the GNP deflator for r. 

The industry definitions in FA, SB, and FE do not 
conform exactly. There are many more subclassifica- 
tions of industries in FA and SB than there are in FE. 
In most cases the conversions from the classifications in 
FA and SB into the more general classifications in FE 
are obvious. For example, there is little ambiguity sur- 
rounding Automotive Products and Services, Conve- 
nience Stores, Restaurants and Hotels, Motels, and 
Campgrounds. Judgment was inevitably required in 
some instances. In any event, industry definitions, copies 
of all of the data, and the computer programs used in 
the study are available from the author on request. 
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Irreversible Investment, Capacity Choice, 
and the Value of the Firm 


By ROBERT S. PINDYCK* 


Most investment expenditures are irreversible. The firm invests until the full value 
of an incremental unit of capacity equals its full cost. The former includes the 
value of the option to not utilize the unit; the latter includes the opportunity cost of 
sinking resources in the unit. We examine implications for capacity choice, 
utilization, firm value, and long-run marginal cost. With irreversibility, capacity is 
smaller, and firm value can be largely attributable to growth possibilities. 


Most major investment expenditures are 
at least partly irreversible: the firm cannot 
disinvest, so the expenditures are sunk costs. 
Irreversibility usually arises because capital 
is industry- or firm-specific, that is, it cannot 
be used in a different industry or by a dif- 
ferent firm. A steel plant, for example, is 
industry-specific. It can only be used to pro- 
duce steel, so if the demand for steel fails, 
the market value of the plant will fall. Al- 
though the plant could be sold to another 
steel company, there is likely to be little gain 
from doing so, so the investment in the plant 
must be viewed as a sunk cost. As another 
example, most investments in marketing and 
advertising are firm-specific, and so are like- 
wise sunk costs. 

The irreversibility of investment has — 
neglected since the work of Kenneth Arrow 
(1968), despite its implications for spending 
decisions, capacity choice, and the value of 
the firm. When investment is irreversible and 
future demand or cost conditions. are uncer- 


*Massachusetts Institute of Technology, Cambridge, 
MA 02139. This is a revised version of my 1986 NBER 
Working Paper, and is based on research done while I 
was Visiting Professor of Economics and Fellow, Insti- 
tute of Advanced Studies, at Tel-Aviv University. I am 
grateful to the National Science Foundation for re- 
search support under grant no. SES-8318990, and to 
Giuseppe Bertola, Olivier Blanchard, Hua He, Saman 
Majd, Robert McDonald, Julio Rotemberg, Lawrence 
Summers, and two anonymous referees for helpful dis- 
cussions and comments. Any errors are mine. 

Partial irreversibility also results from the “Jemons’” 
problem. Office equipment, cars, trucks, and computers 
are not industry-specific, but have resale value well 
below their purchase cost, even if new. 
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tain, an investment expenditure involves the 
exercising, or “killing,” of an option—the 
option to productively invest at any time in 
the future. One gives up the possibility of 
waiting for new information that might af- 
fect the desirability or timing of the expendi- 
ture; one cannot disinvest should market 
conditions change adversely. This lost option 
value must be included as part of the cost of 
the investment. As a result, the Net Present 
Value (NPV) rule “Invest when the value of 
a unit of capital is at least as large as the 
purchase and installation cost of the unit” is 
not valid. Instead the value of the unit must 
exceed the purchase and installation cost, by 
an amount equal to the value of keeping the 
firm’s option to invest these resources else- 
where alive—an opportunity cost of invest- 
ing. 

This aspect of investment has been ex- 
plored in an emerging literature, and most 
notably by Robert McDonald and Daniel 
Siegel (1986). They show that with even 
moderate levels of uncertainty, the value of 
this opportunity cost can be large, and in- 
vestment rules that ignore it will be grossly 
in error. Their calculations, and those in 
related papers by Michael Brennan and Ed- 
uardo Schwartz (1985) and Saman Majd and 
Robert Pindyck (1987), show that in many 
cases projects should be undertaken only 
when their present value is at least double 
their direct cost.” 


Other examples are Ben Bernanke, 1983; Alex 
Cukierman, 1980; Carliss Baldwin, 1982; and Jeffrey 
Mackie-Mason, 1988. In the papers by Bernanke and 
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The existing literature has been concerned 
with investment decisions involving discrete 
projects, for example, whether to build a 
factory. This paper examines capacity choice 
and expansion, for example, how large a 
factory to build, and when to expand it. In 
particular, I focus on the marginal invest- 
ment decision. This provides a simple and 
intuitively appealing solution to the optimal 
capacity problem. It also yields insight into 
the sources of the firm’s value, and clarifies 
the measurement of long-run marginal cost.? 

A firm’s capacity choice is optimal when 
the present value of the expected cash flow 
from a marginal unit of capacity just equals 
the total cost of that unit. This total cost 
includes the purchase and installation cost, 
plus the opportunity cost of exercising the 
option to buy the unit. An analysis of capac- 
ity choice therefore involves two steps. First, 
the value of an extra unit of capacity must 
be determined. Second, the value of the op- 
tion to invest in this unit must be deter- 
mined (it will depend in part on the value of 
the unit itself), together with the decision 
rule for exercising the option. In essence, 
this decision rule is the solution to the opti- 
mal capacity problem. 

To determine the value of a marginal unit 
of capacity, we must account for the fact 
that if demand falls, the firm can choose not 
to utilize the’unit. In effect, a unit of capac- 


Cukierman, uncertainty over future market conditions 
is reduced as time passes, so firms have an incentive to 
delay investing when markets are volatile (for example, 
during recessions). In the other papers cited above and 
in the model I present here, future market conditions 
are always uncertain. Access to the investment opportu- 
nity is then analogous to holding a call option on a 
dividend-paying stock; an expenditure should be made 


only when the value of the resulting project exceeds its | 
cost by a positive amount, and increased uncertainty - 


raises the incentive to delay the expenditure. Thus the 
results are similar to those in Bernanke and Cukierman, 
but for different reasons. Option value also appears in 
the natural resource context: if future values of wilder- 
ness areas and parking lots are uncertain, it may be 
better to wait before irreversibly paving a wilderness 
area. See, for example, Claude Henry, 1974. 

>The analysis in this paper is closely related to that 
in Giuseppe Bertola, 1987, who independently devel- 
oped a model of capacity choice similar to mine, using a 
different solution approach. 
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ity gives the firm an infinite number of op- 
tions to produce, one for every future time f, 
each with exercise price equal to production 
cost, and can be valued accordingly. As we 
will show, these “operating options”? are 
worth more the more volatile is demand, just 
as a call option on a stock is worth more, the 
more volatile is the price of the stock. This 
suggests that the firm should hold more ca- 
pacity when future demand is uncertain, but 
the opposite is true. The reason is that un- 
certainty also increases the value of the firm’s 
investment options, and hence the opportu- 
nity cost of irreversibly investing. Although 
the value of a unit of capacity increases, this 
opportunity cost increases even more, so the 
net effect is to reduce the firm’s optimal 
capacity.4 

Note that a firm’s market value has two 
components: the value of installed capacity 
(i.e., the value of the firm’s options to utilize 
some or all of this capacity over time), and 
the value of the firm’s options to add more 
capacity later. As we will see, numerical sim- 
ulations suggest that for many firms, “growth 
options” should account for a substantial 
fraction of market value, and the more 
volatile is demand, the larger is this fraction. 

Options to productively invest are impor- 
tant assets, which firms hold even if they are 
price-takers in product and input markets. 
How do they arise? In some cases it is the 
result of a patent on a production technol- 


= ogy, or ownership of land or natural re- 


sources. More generally, a firm’s managerial 
resources, reputation, market position, and 
possibly scale, all of which may have been 
built up over time, enable it to productively 
undertake investments that individuals or 
other firms cannot undertake.° 


*In Andrew Abel, 1983, and Richard Hartman, 1972, 
uncertainty over future prices leads to an increase in the 
firm’s optimal capital stock when the production func- 
tion is linear homogeneous. The reason is that the 
marginal revenue product of capital is a convex func- 
tion of price, so that as in my model, a marginal unit of 
capital is worth more when price is stochastic. However, 
in Abel and Hartman investment is reversible, so the 
opportunity cost of investing is zero. 

°The importance of growth options and their impli- 
cations for the firm’s financial structure are discussed in 
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Section I clarifies the nature of the firm’s 
options to invest and produce, and how they 
affect its choice of capacity and its market 
value. Section II then solves the capacity 
choice problem in the context of a specific 
model. As the model is developed, a numeri- 
cal example is used to show how the value of 
a marginal unit of capital, the opportunity 
cost of investing, and the firm’s optimal ca- 
pacity depend on current demand and un- 
certainty over future demand. Sections III, 
IV, and V use the model to study the value 
of the firm, the behavior of capacity and 
capacity utilization over time, and implica- 
tions for the measurement of marginal cost. 
Section VI concludes with caveats and limi- 
tations. 


I. Optimal Incremental Investment Decisions 


Consider a firm facing a demand curve 
that shifts over time stochastically, so that 
future demands are uncertain. Let @ de- 
note the demand shift parameter, with 
0P(Q,0)/00@ > 0. Suppose the firm can in- 
stall units of capital one at a time, at a sunk 
cost k per unit, whenever it wishes. Letting 
K be the amount of capital currently in 
place, we can write the value of the firm, W, 
as the sum of two parts: 


(1) W =V(K;6)+ F(K;8).. 


V(K; @) is the value of the firm’s capital in 
place, that is, the present value of the ex- 
pected flow of profits that this capital will 
generate, given the current value of @. 
F(K; @) is the value of the firm’s “growth 
options,” that is, given that the firm has 
capital K in place and given the current 
value of 0, F(K; 8) is the present value of 
any additional profits that might result 
should the firm add more capital in the 
future, less the present value of the cost of 
that capital. Note that F(K;@) is greater 


Stewart Myers, 1977. A complete model of industry 
evolution would also describe the competitive processes 
through which firms obtain these options. Such a model 
is beyond the scope of this paper. 
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than the present value of the expected flow 
of net profits from anticipated future invest- 
ments, because the firm is not committed to 
any investment path. 

Equation (1) is just an accounting identity, 
but we can use it to gain insight into the 
firm’s investment problem by noting that 
units of capital are installed sequentially. 
Assuming for now that the units are discrete, 
we can number them in the order they are 
installed. Suppose units 1 through n have 
been installed so far. Then, suppressing 6, 
we can rewrite (1) by summing the value of 
each installed unit and the values of the 
options to install further units: 


(2) W=AV(0)+ AV(1) 
+ AV(2)---+AV(n-1) 
+AF(n)+AF(n4+1)+-+°. 


Here AV(/) is the value of the j+1st unit of 
capital, that is, the present value of the ex- 
pected flow of incremental profits generated by 
unit j +1. Of course the firm need not always 
utilize this (or any other) unit. of capital. It 
has the option to utilize it at every point 
during its lifetime, and AV(/) is equal to the 
value of this option. Section II shows how 
AV(j) can be calculated. 

The firm must decide whether to install 
additional capital. Given that n units are in 
place, AF(n) is the value of the option to 
buy one more unit, that is, unit n +1, at any 
time in the future. If the firm exercises this 
option, it pays k and receives an asset worth 
AV(n). The firm also gives up AF(n), be- 
cause once exercised, the option is dead— 
whether or not the firm later buys more 
capital, it has now paid for unit n +1, and 
cannot disinvest. Hence AF (7) is also a cost 
of investing in this unit. The full cost of 
investing is thus k + AF(n), and this must 
be compared to the benefit AV(7). 

Once the firm buys unit n +1, it then 
faces another problem: at what point should 
it exercise its option, worth AF(n +1), to 
buy unit n +2, which is worth AV(n +1)? 
And so on. These options must be exercised 
sequentially, so the total value of the firm’s 
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options to grow is 


F(n) = Z AF(/). 


jun 


Letting these incremental units become in- 
finitesimally small, we can write equation (2) 
for the value of a firm with capital stock K 
as 


( ) 


The firm’s optimal capital stock K* is that 
which maximizes its net value, W — kK*. 
Using (3), this maximization gives the fol- 
lowing optimality condition that must hold 
if the firm is investing: 


(4) AV(K*;0)=k+AF(K*;8). 


Thus the firm should invest until the value of 
a marginal unit of capital, AV( K; @), is equal 
to its total cost: the purchase and installa- 
tion cost, k, plus the opportunity cost 
AF(K; 0) of irreversibly exercising the op- 
tion to invest in the unit, rather than waiting 
and keeping the option alive.® 

The firm’s investment problem can there- 
fore be solved by calculating AV(K; #) and 
AF(K; 0), and using (4) to determine the 


` Note that AV(K) is not the marginal value of 
capital, as the term is used in marginal g and related 
models of investment, such as the one in Abel and 
Olivier Blanchard, 1986. The marginal value of capital 
is the present value of the expected flow of profits 
throughout the future from whatever unit of capital is 
the marginal one, that is, 


Ef 3m, (K,)/3K, je dt, 


where p is the discount rate. The marginal value of 
capital thus depends on the firm’s capital stock, K,, or 
its distribution, at every future 1, and so its calculation 
can be quite difficult. Note how this differs from AV(K), 
the present value of the expected flow of incremental 
profits attributable to the K +1st unit of capital, which 
is independent of how much capital the firm has in the 
future. 
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optimal capacity K*(@). In the next section 
we carry out these steps for a specific model. 


H. A Model of Capacity Choice 


Consider a firm that faces the following 
demand function: . 


(5) P= 6(t)—yQ. 


(The firm might be a price-taker, in which 
case y =0.) Here @(t) evolves according to 
the stochastic process 


(6) d0 = ab dt + ob dz, 


where dz is the increment of a Weiner pro- 
cess, that is, dz=e(t)(dt)'/*, with e(t) a 
serially uncorrelated and normally distri- 
buted random variable. Equation (6) says 
that the current value of @ (and thus the 
current demand function) is known to the 
firm, but future values of 8 are unknown, 
and are lognormally distributed with a vari- 
ance that grows with the time horizon. Thus 
even though information arrives over time 
(the firm observes § changing), future de- 
mand is always uncertain.’ 

The firm’s cost and production constraints 
are as follows: i) each unit of capital can be 
bought at a fixed price k per unit; ii) each 
unit of capital provides the capacity to pro- 
duce one unit of output per time period, so 
that QO < K; and iii) the firm has an operat- 
ing cost C(Q) = c,Q +(1/2)c,Q*. In general 
c, and/or c, can be zero, but if y = 0 (so the 
firm is a price-taker), we require c,>0 to 
bound the firm’s size. . 

I assume that the firm starts with no ca- 
pacity, so at ¢=(Q it must decide how much 
initial capacity to install. Later it might add 
more capacity, depending on how demand 
evolves. For simplicity I assume that new 
capacity can be installed instantly, and capi- 


“Analytic solutions can be obtained for any demand 
function linear in @ or a power function of 9; I use (5) 
for simplicity. Also, it is straightforward to also allow 
for uncertainty over future operating costs. The qualita- 
tive results would be the same. 
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tal in place does not depreciate.® Finally, 
investment is completely irreversible—the 
firm cannot disinvest. This means there is an 
opportunity cost to investing. Adding a unit 
of capacity today precludes the possibility of 
waiting and instead adding the unit later or 
not at all. 

I make one more assumption: stochastic 
changes in demand are spanned by existing 
assets, that is, there is an asset or dynamic 
portfolio of assets whose price is perfectly 
correlated with @. (This is equivalent to say- 
ing that markets are sufficiently complete 
that the firm’s decision to invest or produce 
does not affect the opportunity set available 
to investors.) This assumption holds for most 
commodities, which are usually traded on 
both spot and futures markets, and for man- 
ufactured goods to the extent that prices are 
correlated with the values of shares or port- 
folios. However, in some cases this assump- 
tion will not hold, for example, a new prod- 
uct unrelated to any existing ones. 

With the spanning assumption, we can 
determine the investment rule that maxi- 
mizes the firm’s market value, and the in- 
vestment problem reduces to one of contin- 
gent claim valuation.’ This provides insight, 
and avoids assumptions about risk prefer- 
ences or discount rates. However, as shown 
in the Appendix, the problem can also be 
expressed in terms of dynamic program- 
ming.!° If spanning does not hold, dynamic 
programming can still be used to maximize 
the present value of the firm’s expected flow 
of profits, using an arbitrary discount 
rate. (Note that in such cases there is no 
theory for determining the discount rate; the 
CAPM, for’ example, would not hold.) 
AV(K) and AF(K) would satisfy differen- 


®Relaxing these assumptions makes no qualitative 
difference in the results. In fact, allowing for lead times 
in the construction and installation of new capacity 
magnifies the effects of uncertainty, as shown in Majd 
and Pindyck, 1987. 

*For an overview of contingent claims analysis.and 
its applications, see John Cox and Mark Rubinstein, 
1985; and Scott Mason and Robert Merton, 1985. 

10 The connection between the contingent claims ap- 
proach that I use and dynamic programming is exam- 
ined in detail by Bertola, 1987. 


PINDYCK: IRREVERSIBLE INVESTMENT 973 


tial equations nearly the same as those that 
will be derived below (but containing the 
discount rate), so the qualitative results will 
be the same. 

Let x be the price of an asset or portfolio 
of assets perfectly correlated with @, and 
denote by p,,, the correlation of @ with the 
market portfolio. Then x evolves according 
to 


dx = pxdt + oxdz, 


and by the CAPM, its expected return is 
U =r + Pom, where ọ is the market price 
of risk. I will assume that a, the expected 
percentage rate of change of @, is less than 
u. (It will become clear later that if this were 
not the case, no firm in the industry would 
ever install any capacity. No matter what the 
current level of @, firms would always be 
better off waiting and simply holding the 
option to install capacity in the future.) De- 
note the difference between u and a by 34, 
that is, ô = p — a. | 

For purposes of comparison, note that if 
future demand were certain (o = 0), and if 
a=(Q, the firm’s optimal initial capacity 
would be K*(@)=(@—c,-—rk)/Qy+c,), 
where r is the riskfree rate of interest. 
Equivalently, the firm should add capacity 
only if @(K) > (2y +c,)K + c+ rk. We will 
see that uncertainty makes the optimal ca- 
pacity smaller than this. 


A. The Value of a Marginal Unit 
of Capacity 


To solve the firm’s investment problem we 
first determine AV(K), the present value of 
the expected flow of profits from an incre- 
mental unit of capacity, given a.current ca- 
pacity K. Because the unit need not be uti- 
lized, the profit it generates at any future 
time ¢ is a nonlinear function of 6, which is 


‘If a>0, the optimal initial capacity would be 
smaller than this. The reason is that the cost of invest- 
ing is fixed but the payoff is growing, so there is a 
benefit to delay, and AF(K)>0O forall K. - 
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stochastic: 
(7) 

Ar, (K ) = max[0,(6,-(2y+.c,)K~-¢,)]. 
Thus AV(K ) can be written as 

(8) AV(K) 


= [f ATK; 0) f(8,t) ade-™ dt, 
0 “0 


where f(8, ¢) is the density function for ĝ at 
time ź, and yp is the risk-adjusted discount 
rate. It is difficult, however, to evaluate (8) 
directly. In addition, the discount rate u 
might not be known. 

Instead we obtain AV(K) by solving the 
following equivalent problem: What is the 
value of a factory that produces 1 unit of 
output per period, with operating cost (2y + 
c,)K + c, which it sells in a perfectly com- 
petitive market at a price 6,, and where the 
factory can be shut down (temporarily and 
costlessly) if 0, falls below the operating 
cost??? The Appendix shows that the solu- 
tion to this problem, obtained using contin- 
gent claim valuation methods or equivalently 
via dynamic programming, is: 


(9) AV(K) = 


b,6? + 6/8 -—[(2y+)K+q]/r; 
O>(Q2y+e)K+q, 


12 The valuation of a’ factory that can be temporarily 
shut down has been studied by Brennan and Schwartz, 
1985; and McDonald and Siegel, 1985. Observe from 
equation (7) that the present value of an incremental 
profit at future time ¢ is the value of a European call 
option, with expiration date £ and exercise price (2y + 
C7) K + ¢,, on a stock whose price is @, paying a propor- 
tional dividend 8. This point was made by McDonald 
and Siegel, 1985. Thus AV( K), the value of our “equiv- 
alent factory,” can be found by summing the values of 
these call options for every future t. However this does 
not readily yield a closed form solution, and I use an 
approach similar to that of Brennan and Schwartz, 
1985. 
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where 


r—8—97/2 
his 2 /2) 


gÊ? 
1 3 1/2 
+—|(r-8- 07/2) +2r07| >1 


—§-—07/2 
PTR ie 


o 
1 3 1/2 
- -z |(r -8 - 0/2) +2ro?| <0 


b= r—B(r—8) | 
i rô( Bı — B2) 


(2y +e )K +a] > 0 


 r>ßi(r-8) 


225 rô( Bı — b2) j 


[(2y+e)K +a] 7> 0 


This solution for AV( K) is interpreted as 
follows. When 8 < (2y + c,)K +c, the unit 
of capacity is not utilized. Then, b,0® is the 
value of the firm’s option to utilize the unit 
in the future, should @ increase. When 6 > 
(2y +¢,)K + c, the unit is utilized. If, irre- 
spective of changes in 0, the firm had no 
choice but to continue utilizing the unit 
throughout the future, the present value. of 
the expected flow of profits would be given 
by 6/5-[Qy+c,)K+c¢,]/r. (Costs are 
certain and so are discounted at the riskfree 
rate; future values of @ are discounted at the 
risk-adjusted rate p, but @ is expected to 
grow at rate a, so the effective net discount 
rate is #— a=6.) However, should @ fall, 
the firm can reduce output and not utilize 
this unit of capacity. The value of this option 
is b,0%?. 7 

A numerical example will help to illustrate 
the model. For this purpose I choose r = 6 = 
05, k=10, c,=0, and either y=.5 and 


+ 
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FIGURE 1. THE VALUE OF A MARGINAL UNIT OF Capacity, AV(K), AS A 
FUNCTION OF @ (K =1) 


c, = 0, or equivalently y=0 and c =1.? I 
vary @ or K, and consider values of o in 
the range of 0 to .4.\4 For comparison, 
let AV,(K) denote AV(K) for o=0, so 
AVK) =0/6 -[Qy+¢,)K+e]/r for 8 
> (2y+c,)K+c,, and 0 otherwise. In this 
example, AV,(K)=20(8@—K) for 02K, 
and 0 otherwise. 


With r and 6 equal, «=0 if a =0 or if stochastic 
changes in @ are completely diversifiable (e., pem = 0 
so =r), but a> 0 otherwise. Also, as can be seen 
from equation (9), (y=0, c,=1) and (y=.5,c, =0) 
give the same marginal value of capital, and the same 
optimal behavior of the firm. In the first case the firm is 
a price-taker but earns inframarginal rent, and in the 
second case it has monopoly power. 

4a5 Zvi Bodie and Victor Rosansky, 1980, show, the 
standard deviations of annual changes in the prices of 
such commodities as oil, natural gas, copper, and alu- 
minum are in the range of 20 to 50 percent. For 
manufactured goods these numbers are usually lower 
(for example, based on Producer Price Indices for 
1948-97, they are 11 percent for cereal and bakery 
goods, 3 percent for electrical machinery, and 5 percent 
for photographic equipment), However, variation in the 
sales of a product for any one company will be much 
larger than variations in price for the entire industry. 
Thus a value of o of 0.2 could be considered “typical” 
for simulation purposes. 


Figure 1 shows AV(K) as a function of 8 
for K =1 and o = 0, .2, and .4. Observe that 
AV(K ) looks like the value of a call option 
—indeed it is the sum of an infinite number 
of European call options (see fn. 12). As 
with a call option, AV(K) is increasing with 
o, and for o> 0, AV(K) > AV,(K) because 
the firm need not utilize its capacity. As 
G6 —> œ, AV(K) — AV,(K); for 6 very large 
relative to K, this unit of capacity will al- 
most surely be continuously utilized over a 
long period of time. 

Figure 2 shows AV(K ) as a function of K 
for 6=2, and o =Q, .1, .2, and .4. Because 
demand evolves stochastically, a marginal 
unit of capacity has some positive value no 
matter how large is the existing capital stock; 
there is always some chance that it will be 
utilized over any finite period of time. The 
greater is o, the more slowly AV(K ) declines 
with K. Also, the smaller is K, the more 
likely it is that the marginal unit will be 
utilized, and so the smaller is AV(K)— 
AV,(K). When K=0, AV(0)= AV,(K); 
with c,=0, the first marginal unit will al- 
ways be utilized. 

The fact that AV(K) is larger when o > 0 
might suggest that the firm should hold more 
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FIGURE 2. THE VALUE OF A MARGINAL UNIT OF CAPACITY, AV( K), ASA 
FUNCTION OF K (@ = 2) 


capacity, but the opposite is true. As shown 
below, uncertainty also makes the firm’s op- 
portunity cost of exercising its option to 
invest in the marginal unit larger, and by an 
even greater amount. 


B. The Decision to Invest in the 
Marginal Unit 


Having valued the marginal unit of capac- 
ity, we can now value the firm’s option. to 
invest in this unit, and determine the opti- 
mal decision rule for investing. In the Ap- 
pendix it is shown that the value of the 
firm’s option to invest, AF(K), is 


(10) 


abhi; 6<0*(K) 
AER Y= nen k; @>6*(K), 
Bb, 


where a= —2—(g*)(@2~ 


1 
___. ( 9*\A- By) 
+ TA (0*) > 0, 


B,, 8, and b, are given under equation (9) 
above, and @*(K) is the critical value of @ at 
or above which it is optimal to purchase the 
marginal unit of capacity, that is, the firm 
should purchase the unit if 8 > @*(K). The 
critical value 0*( K ) is in turn the solution to 


b,( B; ~ Bz) s, , (Bi ~-1) 
Sa ae eve Deen Cale * 2 n ff ¥ 
B, (9*)°? + 


5B, 
(2Qy+¢,)K+e 


P. 


(11) 


—k=0. 


Equation (11) can be solved numerically for 
6*, and equation (10) can then Be used to 
calculate AF(K). 

Recall our assumption that §>0. The 
reader can verify that as 86 0, 0*(K)— œ. 
Unless 6 >.0, the opportunity cost of invest- 
ing in a unit of capacity always exceeds the 
benefit, and the firm will never install capac- 
ity. Thus if firms in an mae are invest- 


“AV(K) is a function of @, and if 8=0, ĝis ex- 
pected to grow at the risk-adjusted market rate. Since 
the option to invest is perpetual, there would be no gain 
from installing capacity now rather than later. 
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FIGURE 3. THE VALUE OF THE FIRM’'S OPTION TO INSTALL A MARGINAL UNIT 
OF CAPACITY (K =1) 


ing optimally and some positive amount of 
investment is taking place, we should ob- 
serve ô > 0. 

As with a call option on a dividend-paying 
stock, both AF(K) and the critical value 
@*(K) increase as o increases. Figure 3 
shows AF(K) as a function of @ for K =1 
and o =0, .2, and .4. In each case 0* is 
indicated by a “+.” When o=0, @* =1.5, 
that is, the firm should increase capacity 
only if @ exceeds 1.5. For o = .2 and .4, 9* is 
2.45 and 3.44, respectively. The opportunity 
cost of exercising the firm’s option to invest 
in additional capacity is AF(K), which 
increases with o, so a higher o implies a 
higher critical value @*(K ). Also, it is easily 


shown that @*(K) is monotonically increas- 


ing in K. 
C. The Firm’s Optimal Capacity 


The function #*(K) is the firm’s optimal 
investment rule; if @ and K are such that 
6>0*(K), the firm should add capacity, 
increasing K until @* rises to 0. Equiva- 
lently we can substitute for b (K) and 
rewrite equation (11) in terms of K*(@), the 


firms optimal capacity: 


(11’) 
PTB 8) pasty Ee \K*+c [ree 
rep, YT Cg 1 


[(2y + c3) K* +c, 


r 


(1—1) 
o 
T 5p, 


Figure 4 shows K*(0) for o = 0, .2, and .4. 
(For many industries .2 is a conservative 
value for o —see fn. 14.) Observe that K* is 
much smaller when future demand is uncer- 
tain. For o =.4, 0 must be more than three 
times as large as when o=0 before any 
capacity is installed. 

Another way to see how uncertainty over 
future demand affects the firm’s optimal ca- 
pacity is by comparing AF(K), the value of 
the option to invest in a marginal unit, with 
AV(K)—k, the net (of purchase cost) value 
of the unit. The optimal capacity K*(@) is 


ete 


k=0. 


Aine tet usta nanan nunnu nn PPO 
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FIGURE 4. OPTIMAL CAPACITY, K*, AS A FUNCTION OF @ 
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FIGURE 5. THE NET VALUE OF A MARGINAL UNIT OF CAPACITY, AND THE 
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the maximum K for which these two quanti- 
ties are equal. Note from equation (10) that 
for 6 > 0*, or equivalently, K < K*, exercis- 
ing the option to invest maximizes its value, 
so that AF(K)=AV(K)~—k, but for K> 
K*, AF(K) > AV(K)—k, and the option to 
invest is worth more “alive” than “dead.” 

This is shown in Figure 5, which plots 
AF(K) and AV(K)—k& as functions of K, 
for 0=2 and o =.2. Recall that AV(K) is 
larger when future demand is uncertain. As 
the figure shows, if the opportunity cost of 
exercising the option to invest were ignored, 
that is, if the firm adds capacity until AV(K) 
—k=0, then capacity would be about 2.3 
units (as opposed to 1.5 units when o = Q). 
But at these capacity levels the opportunity 
cost of investing in a marginal unit exceeds 
the net value of the unit, so the value of the 
firm is not maximized. The optimal capacity 
is only K*=.67, the largest K for which 
AF(K)=AV(K)—k, and the solution to 
equation (11%. 


HI. The Value of The Firm 


As noted above, K*(@) maximizes the 
firm’s market value, net of cash outlays for 
the purchase of capital. Recall that the firm’s 
net value as a function of its capacity K is 
given by: 


(12) Net Value = f “AV(») dv 
0 
+ f AF(») dv — kK. 
K 


Differentiating with respect to K shows that 
this is maximized when K = K* such that 
AV( K*)— AF(K*)—k=0. 

The value of the firm’s installed capacity, 
V(K*), is the first integral in equation (12). 
In Figure 5 it 1s the area under the curve 
AV(K)—k from K =0 to K*, plus the pur- 
chase cost kKK*. The value of the firm’s 
growth options is the second integral, which 
in Figure 5 is the area under the curve AF(K ) 
from K= K* to oo. As the figure shows, 
growth options can account for a large por- 
tion of the firm’s total value. 
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The sensitivity of firm value and its com- 
ponents to uncertainty over future demand 
can be seen from Table 1, which shows K*, 
V(K*), FC K*), and total value for different 
values of g and 8. When o = 0, the value of 
the firm is only the value of its installed 
capacity. Whatever the value of 8, the firm is 
worth more the more volatile is demand. A 
larger o implies a larger value for each unit 
of installed capacity, and a much larger value 
for the firm’s options to expand. Also, the 
larger is o, the larger is the fraction of firm 
value attributable to its growth options. 
When o =.2 or more, more than half of the 
firm’s value is F(K*), the value of its growth 
options. Even when o =.1, F( K*) accounts 
for more than half of total value when @ is 1 
or less. (When demand is currently small, it 
is the possibility of greater demand in the 
future that gives the firm much of its value.) 
And there is always a range of @ for which 
K* is zero, so that all of the firm’s value is 
due to its growth options. 

As mentioned earlier, a o of .2 or more 
would not be unusual. Thus an implication 
of the model is that for many firms, the 
fraction of market value attributable to the 
value of capital in place should be one-half 
or less. A second implication is that this 
fraction should be smaller the greater is the 
volatility of market demand. I have not tried 
to test either of these implications (valuing 
capital in place is difficult). However, calcu- 
lations reported by-Carl Kester (1984) are 
consistent with both of them. He estimated 


the value of capital in place for 15 firms in 5- 


industries by capitalizing the implied flows 
of anticipated earnings, and found that it is 
half or less of market value in the majority 
of cases. Furthermore, this fraction is only 
about 1/5 to 1/3 in industries where de- 
mand is more volatile (electronics, comput- 
ers), but more than 1/2 in industries with 
less volatile demand (tires and rubber, food 
processing). 


IV. The Dynamics of Capacity, Capacity 
Utilization, and Firm Value 


If the firm begins with no capacity; it 
initially observes @ and installs a starting 
capacity K*(@). If @ then increases, it will 
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TABLE 1——~- VALUE OF FIRM 
(c = Ch = 0, y =.5, r = ò = 045, k =10) 


expand capacity accordingly, and the value 
of the firm will rise. The value of its growth 
options will also rise, but will become a 
smaller fraction of total value (see Table 1). 
However, if @ decreases, the firm will find 
itself holding more capacity than it would 
have chosen had the decrease been antici- 
pated. The firm’s value will fall, and depend- 
ing on how much @ decreases, some of its 
capacity may become idle. 

Because capital does not depreciate in this 
model, the firm’s capacity 1s nondecreasing, 
but will rise only periodically. The dynamics 
of capacity are characterized in Figure 6, 
which shows a sample path for @(t), and the 
corresponding behavior of K(t). (The dura- 
tion of continuous upward movements in 
K(t) is exaggerated.) The firm begins at fy 
by installing K*(6,) = Kë. Then @ increases 
until it reaches a (temporary) maximum @, 
at t,, and K is increased accordingly to K,*. 
Here is remains fixed until ¢,, when @ again 
reaches @,. Afterward K is increased as 6 
increases, until t, when @ begins to decline 
from a new maximum, and K remains fixed 
at K,*. > 

Thus an implication of the model is that 
investment occurs only in spurts, when de- 


V(K*) F(K*) Value 
0 0 0 
7.5 0 7.5 

37.5 0 37.5 
87.5 0 87.5 

157.5 oO: 157.5 
o 0.4 0.4 
4.3 3.4 1] 

33.1 91 42.2 
80.4 20.3 100.7 

147.3 35.5 182.8 
0 3.1 3.1 
0.8 13.5 14.3 

24.0 49.2 73.2 
67.1 94.6 161.7 

134.1 143.7 277.8 
0 25.8 25.8 
0 69.7 69.7 
5.9 182.6 188.7 

36.2 307.2 343.4 
91.3 427.5 518.8 


mand is rising, and only when it is rising 
above historic levels.!6 Firms usually in- 
crease capacity only periodically, and this is 
often attributed to the “lumpiness” of in- 
vestment. But lumpiness is clearly not re- 
quired for this behavior. 

Let us now examine the firm’s capacity 
utilization. Clearly during periods of expan- 
sion, all capacity will be utilized. When de- 
mand falls, however, some capacity may go 
unutilized, but only if it falls far enough. 

If the firm had unlimited capacity it would 
maximize current profits by setting output at 
QO*=(8—c,)/(Qy+c,). However, K*(0) < 
(6 —c¢,)/(2y + cy), and as shown in Section 
II, can be much less even for moderate val- 
ues of o. Thus for @ in the range 6(K)= 
Qy+c,)K+c,<0<6*(K), capacity will 
remain fixed but will be fully utilized. Ca- 
pacity will go unutilized only when @ < 8( K). 
In Figure 6 this occurs during the intervals 
(tas fp) and (to ta). 


©Tf we allow for depreciation, investment will occur 
more often and even when demand is below historic 
highs, but it will still occur in spurts. 
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FIGURE 6. REALIZATION OF CAPACITY AND CAPACITY UTILIZATION 


The irreversibility of investment induces 
firms to hold less capacity as a buffer against 
unanticipated drops in demand. As a result 
there will be periods of low demands when 
capacity is fully utilized. A large drop in 
demand is required for capacity utilization 
to fall below 100 percent. Most of the 
time the firm’s capacity K will be above 
K*(@)—in Figure 6 exceptions are during 
the intervals (fo, ¢;) and (z, £4). 

The share of the firm’s value due to its 
growth options will also fluctuate with 8. For 
example, as Table 1 shows, during periods 
when capacity is growing (so that K = 
K*(@)), this share falls. It also falls when 8 
is falling and K > K*(@). 


V. The Measurement of Long-Run 
Marginal Cost 


The measurement of long-run marginal 
cost and its relationship to price are impor- 
tant for industry analyses in general, and 


_ antitrust applications in particular. When in- 


vestment is irreversible, traditional measures 
understate marginal cost and overstate the 
amount by which it differs from price, even 
in a competitive market. This problem is 
particularly severe when product markets are 
volatile. 

Suppose o>0 and K=K*(@). Using 
equation (9), the optimality condition 
AV(K)=k + AF(K) can be written as: 


(13) AV(K) =b,6+ 6/6 
—|(2y+¢,)K+e]/r 


=k+AF(K) 


or 

(13°) 0/8—2yK/r 
=—b,6%+(c,K+¢,)/r 
+k+AF(K). 
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If o=a=0, equation (13’) reduces to a 
more familiar special case: 


(14) 0/8—2yK/r=(c,+¢,K)/r+k. 


The left-hand side of (14) is capitalized 
marginal revenue. (Note that @ is capitalized 
at the rate 6 = p — a because it is expected 
to grow at the rate a but is discounted at the 
risk-adjusted rate u; if o=0, u =r.) The 
right-hand side is full marginal cost: the 
capitalized operating cost, plus the purchase 
cost of a unit of capital. Equation (14) is the 
usual relation between marginal revenue and 
marginal cost when the former 1s increasing 
at a deterministic rate. 

Observe that when o > 0, two adjustments 
must be made to obtain full (capitalized) 
marginal cost, the RHS of (13’). The first 
term on the RHS of (13’) is the value of the 
firm’s option to let the marginal unit of 
capacity go unutilized, and must be sub- 
tracted from capitalized operating cost. The 
last term is the opportunity cost of exercis- 
ing the option to invest. In our model the 
last term dominates the first, so that K must 
be smaller to satisfy (13’), and marginal cost 
as conventionally measured will understate 
true marginal cost. 

If the firm is a price-taker, y=0 and 
P = 9. Price will equal marginal cost, if the 
latter is defined correctly as in (13’). Unfor- 
tunately the first and last terms on the RHS 
of (13’) are difficult to measure, particularly 
with aggregate data. But if one wishes to 
compare price with m arginal cost, ignoring 
them can be misleading.’ 


Robert Hall, 1986, reports that price significantly 
exceeds marginal cost for most two-digit industries, and 
finds no explanation for this disparity consistent with 
competition. Hall’s test of marginal cost pricing is based 
on the relation between the marginal product of labor 
and the product wage. If firms set marginal operating 
cost equal to a (constant) proportion of price, his tech- 
nique will apply, whatever the capital stock. But as 
shown in Section IV, there can be a wide range of prices 
for which the firm is capacity constrained, and the ratio 
of marginal operating cost to price will vary with price. 
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VI. Conclusions 


Uncertainty over future market conditions 
affects investment decisions through the op- 
tions that firms hold—operating options, 
which determine the value of capital in place, 
and options to add more capital, which, when 
investment is irreversible, determine the op- 
portunity cost of investing. By treating capi- 
tal as homogeneous and focusing on incre- 
mental investment decisions, we have tried 
to clarify the ways in which uncertainty and 
irreversibility affect the values of these op- 
tions, and thereby affect the firm’s optimal 
capacity and its market value. 

The assumption that firms can continu- 
ously and incrementally add capital, though 
common in economic models, is extreme. 
Most investments are lumpy, and sometimes 
quite so. The opposite extreme assumption is 
that the firm can build only a single plant, - 
and must decide when to build it (the critical 
@*), and how large it should be (K*). As 
sketched out in the Appendix, this problem 
can also be solved by the methods used in 
this paper. For our model: 7) the critical 6* 
at which it is optimal to invest increases with 
o; ii) K* also increases with o (operating 
options are worth more, and there is only 
one opportunity to invest); and iii) for every 
8, the value of the firm (the value of the 
single investment option prior to construc- 
tion, and the value of the plant after con- 
struction) is less than it is when the firm can 
incrementally invest. 

Besides ignoring the lumpiness of TTA 
ment, the model presented here has other 
simplifying assumptions. It ignores adjust- 
ment costs and delivery lags, and includes 
only one source. of uncertainty. It can be 
extended to account for these factors, but 
numerical methods' may then be required to 
obtain solutions. Of course once numerical 
methods are used, other aspects of the model 
can also be generalized. For example, de- 
mand can be a nonlinear function of 6, or @ 
could follow some alternative stochastic pro- 
cess, including jumps. 

It should be emphasized that the numeri- 
cal results presented in this paper are based 
on a specific production technology, and 
specific functional .forms for demand and 
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cost. Also, the assumption that the firm can 
incrementally invest magnifies the effects of 
uncertainty, as does the assumption that 
there is no depreciation. (If capital becomes 
obsolete rapidly, the opportunity cost of in- 
vesting will be small.) Thus the quantitative 
importance of irreversibility and uncertainty 
may be more limited than the results here 
would suggest.!® 

Subject to these caveats, we find that in 
markets with volatile and unpredictable de- 
mand, firms should hold less capacity than 
they would if investment were reversible or 
future demands were known. Also, much of 
the market value of these firms is due to the 
possibility (as opposed to the expectation) of 
increased demands in the future. This value 
may result from patents and technical 
knowledge, but it also arises from the man- 
agerial expertise, infrastructure, and market 
position that gives these firms (as opposed to 
potential entrants) the option to economi- 
cally expand capacity. 

Do firms correctly compute and take into 
account the opportunity cost of investing 
when making capacity expansion decisions? 
Ignoring such costs would lead to over- 
investment. John McConnell and Chris 
Muscarella (1985), have found that for man- 
ufacturing firms, market value tends to in- 
crease (decrease) when managers announce 
an increase (decrease) in planned investment 
expenditures, which is inconsistent with a 
systematic tendency to overinvest.’? But 
there is anecdotal evidence that managers 
often base investment decisions on present 
values computed with discount rates that far 


‘8also, the model examines the investment decisions 
of a single firm, and ignores entry and competition. If 
rival firms can appropriate the same investment oppor- 
tunities, ô will be larger, which makes the value of the 
investment option smaller. Steven Lippman and R. 
Rumelt, 1985, examine the implications of irreversible 
investment for a competitive market equilibrium, and 
Avinash Dixit (1987a,b) studies the implications of 
sunk costs and stochastic prices for firms’ entry and exit 
decisions, and for the reallocation of capital across 
sectors. 

‘But they find the opposite true for firms in the oil 
industry, where there may be a tendency to overinvest 
in exploration and development. 
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exceed those that would be implied by the 
CAPM—diversifiable and nondiversifiable 
risk are sometimes confused, and an arbi- 
trary “risk factor” is often added to the 
discount rate. It may be, then, that managers 
use the wrong method to get close to the 
right answer. 


APPENDIX 


Here we derive equation (9) for AV(K; @) and equa- 
tions (10) and (11) for the optimal investment rule and 
value of the investment option AF(K; @). 

The value of a marginal unit of capacity, AV(K; 8), 
is found by valuing an equivalent “incremental project” 
that produces 1 unit of output per period at cost (2y + 
c,)K + c, that is sold at price @(t), and where the firm 
can (temporarily and costlessly) shut down if price falls 
below cost. To value this, create a portfolio that is long 
the project and short AV, units of the output, or equiva- 
lently the asset or portfolio of assets perfectly correlated 
with 0. Because the expected rate of growth of @ is only 
a=p-6, the short position requires a payment of 
HAV, per unit of time (or no rational investor would 
hold the corresponding long position). The value of this 
portfolio is @ = AV — AV4@, and its instantaneous return 
is 


(A1) d(AV)— Avd — 80A¥, dt 
+ j[0 - (2y +a )K- c] dt. 


The last term in (Al) is the cash flow from the “incre- 
mental project”; j is a switching variable: j=1 if 
6(t1) > Qy+o)K+¢,, and 0 otherwise. 

By Ito’s Lemma, d(AV) = AV,d0 + (1/2)AVq(d0)’. 
Substitute equation (6) for d@ and observe that the 
return (Al) is riskless. Setting that return equal to 
r® dt = (rAV — rAV,@) dt yields the following equation 
for AV: i 


(AD) 40?67AVgg + (r — 8) OAV 


+ j[6—(2y+ ¢)K- c,|— rAV = 0. 
The solution must satisfy the following boundary condi- 
tions: 
- AV(K;0) =0 
Pv AV(K; 0) =0/8-[Qy+o)K+e]/r 
w> CO 
lim AV, (K; 9) =1/6, 
0 -> ao 


and AV and AV, continuous at the switch point @= 
(2y + c.)K +c. The reader can verify that (9) is the 
solution to (A2) and its boundary conditions. 

Equation (A2) can also be obtained by dynamic 
programming. Consider the optimal operating policy 
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(j=0 or 1) that maximizes the value ® of the above 
portfolio. The Bellman equation is 


(A3) eee [Jle - (Qy+¢)-¢] 


1 r 
— IAV, + — E dÒ b, 
(4 di f ) 


that is, the competitive return r@ has two components, 
the cash flow given by the first two terms in the maxi- 
mand, and the expected rate of capital gain. Expanding 
d®=dAV—A¥,d6 and substituting into (A3) gives 
(A2). 

Finally, note that AV must be the solution to (A2) 
and the boundary conditions even if the unit of capacity 
(the “incremental project”) did not exist, and could not 
be included in a hedge portfolio. All that is required is 
an asset or portfolio. of assets (x) that replicates the 
stochastic dynamics of 8. As Robert Merton (1977) has 
shown, one can replicate the value function with a 
portfolio consisting only of the asset x and riskfree 
bonds, and since the value of this portfolio will have the 
same dynamics as AV, the solution to (A2)}, AV must be 
the value function to avoid dominance. 

Equation (10) for AF(K; 0) can be derived in the 
same way. Using the same arguments as above, it is 
easily shown that AF must satisfy the equation 


(A4) — -4.0707A Fog + (7 — 8) OAK — rAF=0 


with boundary conditions: 
AF(K;0) =0 
AF(K; 6*) = AV(K; 6*)—k 
AF) (K;8*) = AV, (K; 6"), 


where #* = §*(K) is the exercise point, and AV( K; 8*) 
— k is the net gain from exercising. The reader can 
verify that equations (10) and (11) are the solution to 
(A4) and the associated boundary conditions. 

The assumption that the firm can invest incremen- 
tally is extreme. At the opposite extreme, suppose that 
the firm can build only a single plant, and must decide 
when to build it and how large it should be. Now the 
firm has an option, worth G(K; @), -to build a plant of 
{arbitrary} size K. Once built, a plant of size K is worth 
V(K; @) = AVC»; 6) dv, where AV(»; @) is given by 
equation (9). It is easy to show that if K and @ are 
chosen optimally to maximize G(K;@), then G(K; 8) 
must satisfy (A4), with AF replaced by G. However, the 
boundary conditions are now: 


G(K;0) =0 
Vy (K*; @*)—k=0- 
G(K*; 0%) =V(K*; 6*) — kK* 
Ga K*; 0*) = Vy (K*; 0*), 
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where §* is again the exercise point, K* is the optimal 
plant size, that is, that K which maximizes [V(K; oje 

kK], and V(K*; 0*)— kK* is the net gain from exercis- 
ing. Using the first boundary condition, the solution is 
G(K; @).= a64, where B, is given under equation (9). 

The constant a and the critical values @* and K* are 
determined from the remaining three boundary condi- 
tions. 
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Regulating a Monopolist with Unknown Demand 


By Tracy R. LEwis AND DaviD E. M. SAPPINGTON* 


Optimal regulatory policy is derived in a setting where the firm has better 
knowledge of demand than the regulator. When marginal production costs in- 
crease with output, the regulator can induce the firm to use its private information 
entirely in the social interest. When marginal costs decline with output, however, 
the regulator is unable to derive any benefit from the firm’s superior knowledge, 
and a single price is established that is invariant to demand. 


We examine the design of regulatory policy 
when the regulated firm has better informa- 
tion about demand than the regulator from 
the outset of their relationship. Although 
this seems to be an important and relevant 
issue to explore, it has been largely over- 
looked in the literature. Most studies in the 
recent regulatory literature focus on the set- 
ting where a firm’s private information con- 
cerns its costs rather than its demand (see, 
David Baron and David Besanko, 1984; 
Baron and Roger Myerson, 1982; Jean- 
Jacques Laffont and Jean Tirole, 1986; David 
Sappington, 1983; and Sappington and 
David Sibley, 1988). 

There are a variety of reasons why a regu- 
lated firm is likely to have better information 
about the demand for its product than the 
regulator.! One reason is that the firm gener- 


*University of California at Davis and Bellcore, 435 
South Street, Morristown, NJ 07960-1961. We wish to 
thank two anonymous referees, Robert Russell, William 
Sharkey, David Sibley, and seminar participants at Bos- 
ton, Brown, Duke, and Rutgers Universities, The Uni- 
versities of Iowa and Southern California, and the 
Federal Trade Commission for helpful comments. The 
first author gratefully acknowledges financial support 
from the California Energy Research Group. The views 
expressed in this paper are not necessarily those of 
Bellcore. 

"The fact that regulators commonly believe the firms 
they regulate to have superior knowledge of demand is 
reflected in the following excerpt from a report entitled, 
“Risk, Return, and Ratemaking,” by the California 
Public Utilities Commission’s Policy and Planning 
Division (October 1, 1986): [The Commission must 
evaluate...arguments with minimal information about a 
customer’s economic situation. Utilities have greater 
manpower and closer contact with customers, and can 
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ally has superior knowledge of the quality 
and reliability of the product it is marketing. 
To the extent that demand is affected by . 
these attributes, the firm is better able to 
predict the quantity demanded at any price 
than the regulator. Product quality and reli- 
ability are important determinants of de- 
mand in industries such as utilities, transpor- 
tation, and communication, which have 
traditionally been regulated. Another reason 
regulated firms will commonly have superior 
knowledge of demand is because of the sig- 
nificant resources they devote to marketing 
studies. Although regulatory commissions 
may have access to the findings of these 
studies, they generally lack the manpower to 
fully analyze the findings.” 

In light of the extensive research that has 
been devoted to the study of regulatory 
policy with asymmetric cost information, the 
corresponding study assuming asymmetric 
demand information would contribute rela- 
tively little if the same qualitative insights 
arose from the two lines of research. In fact, 
though, we find striking qualitative dif- 
ferences between the two cases. With asym- 
metric cost information, significant pricing 


probably make better judgments about the conditions 


customers face.] 

Of course, the extent of the information asymmetry 
in regulated industries is not entirely exogenous. The 
regulator can devote resources to improving informa- 
tion about demand, and can influence the resources the 
firm devotes to market studies. Thus, one may view the 
analysis in this paper as providing some indication of 
the value of information about product demand in a 
regulatory setting. 
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flexibility is generally delegated to the firm. 
Although the delegation generally results in 
rents for the firm, social welfare is enhanced 
when the firm employs its superior techno- 
logical information to choose prices which 
track the movement of efficient prices. The 
regulator also finds it advantageous to in- 
duce prices in excess of realized marginal 
production costs in order to limit the firm’s 
rents. In addition, the regulator will always 
choose to shut down the firm (i.e., terminate 
its operations) when -realized costs are so 
high that the maximum net surplus from 
continued operation is negative. Shutdown 
may also be induced for particularly high 
cost realizations even though the potential 
social gains from production exceed the 
costs. 

With asymmetric demand information, 
very different conclusions emerge. To il- 
_ lustrate, when marginal costs of production 
increase with output, the firm commands no 
rents from its superior demand information, 
and efficient prices are always implemented.’ 
Although pricing authority is delegated to 
the firm in this setting, the firm can be 
induced (costlessly) to employ its superior 
demand information in the social interest. 
Furthermore, shutdown will occur when and 
only when production is not in the social 
interest. On the other hand, if marginal pro- 
duction costs decline with output, the regu- 
lator will generally not delegate any pricing 
authority to the firm.* Instead, the regulator 
will optimally use only his own imperfect 
knowledge of demand to set a single price 
that the firm must charge regardless of de- 
mand. This procedure results in a price that 
exceeds the marginal cost of production for 
small demand realizations and that falls short 
of marginal cost for large demand. The firm 
also receives rents under all but some inter- 
mediate levels of demand. 


Even if marginal costs are strictly increasing in 
output, average costs may still be falling in the relevant 
range. Thus, even a natural monopoly firm may have 
rising marginal costs of production. 

*This conclusion requires that a common regularity 
condition be satisfied. The condition will be satisfied if, 
for example, the firm’s private information concerns the 
position but not the shape of the demand curve. 
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With declining marginal costs of produc- 
tion, the possibility of inefficient’ shutdown 
also arises. In contrast to the case with 
asymmetric cost information, if shutdown is 
induced, it will be implemented for inter- 
mediate rather than extreme realizations of 
the private demand information. Further- 
more, the firm may be permitted to produce 
for some demand realizations even though 
the maximum net surplus from production is 
negative for those demand realizations. 

The explanation and derivation of these 
findings proceeds as follows. In Section I, 
the basic model under consideration is de- 
scribed and a formal statement of the regu- 
lator’s problem is presented. The first-best 
outcome is also introduced as a benchmark. 
The first-best outcome is the one the regu- 
lator would implement if he had perfect 
knowledge of demand. In Section II, it is 
shown that the regulator can ensure the 
first-best outcome despite his imperfect de- 
mand information when (and only when) 
marginal production costs rise with output. 
In Section III, the case of declining marginal 
costs is examined. It is shown that the regu- 
lator will restrict the firm to a single price in 
this setting. For simplicity, the possibility of 
shutdown is ignored in Sections I through 
II. . 
In Section IV, two extensions of the basic 
model are considered briefly. The shutdown 
decision is one of these extensions. The other 
is to allow for marginal production costs 
that are not everywhere declining or every- 
where increasing with output. The optimal 
policy when the marginal cost curve is U- 
shaped is shown to be the natural “combina- 
tion” of the policies described in Sections II 
and III.’ Conclusions are drawn in Sec- 
tion V. l 

Before proceeding, we briefly distinguish 
our work from the few studies in the lit- 
erature that do consider the possibility of 


“Another straightforward extension of our findings is 
to the case where the regulator and firm share the same 
imperfect knowledge of the cost function. Thus, our 
conclusions do not hinge on the assumption (main- 
tained for expositional convenience) that costs are 
known perfectly to both parties. 
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asymmetric knowledge of demand. A key 
distinction is that our analysis is a Bayesian 
analysis in that the regulator is assumed to 
have well-defined prior beliefs about the rel- 
evant demand parameter. In contrast, a 
number of analyses (such as Ingo Vogelsang 
and Jörg Finsinger, 1979; and Mo-Yin Tam, 
1985, for example) assume the regulator 
knows nothing about demand (or cost) func- 
tions. In this regard, our work is more closely 
related to the Bayesian analyses of Michael 
Riordan, 1984, and Daniel Spulber 1988. 
Spulber considers a bargaining problem in 
which consumers have private demand infor- 
mation and the firm has private cost infor- 
mation. Riordan’s model is more similar to 
ours in that the firm (alone) has private 
information only about demand. However, 
he restricts attention to the case where 
marginal production costs are everywhere 
constant in order to focus on the issue of 
motivating the optimal choice of capacity. 

A third Bayesian model that deserves 
mention is the general analysis of Roger 
Guesnerie and Laffont (GL, 1984), which 
admits the interpretation of private demand 
information for a regulated firm. Despite a 
key difference involving a monotonicity con- 
dition on the firm’s profit function (which 
(GL) impose but which is not satisfied in our 
model), many of the proof techniques in 
(GL) are readily adapted for our purposes. 
Therefore, we will refer the interested reader 
at points to (GL) for the proofs of some of 
our conclusions. 


I. Statement of the Model 


The regulatory environment under consid- 
eration is the following. The cost of produc- 


ing output g is known to be given by the. 


function C(q). It is also common knowledge 
that demand for the firm’s product is given 
by g=Q(p,8@), where p is the unit price for 
the good. @ captures the firm’s private infor- 
mation about consumer demand. Formally, 
0 is the realization of a random variable 
described by the density function g(@). g(@) 
is assumed to have strictly positive support 
on the interval [8,8]. g(-) is common knowl- 
edge, but the realization of @ is observed 
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only by the firm. The firm observes @ before 
any interaction with the regulator begins.°® 

In Section III, it will be assumed that the 
higher the realization of 6, the larger the 
quantity of output consumers demand at 
any nonnegative price, p, that is, O,( p, @) 
> 0, where subscripts denote partial deriva- 
tives (here and throughout). In this interpre- 
tation, 6 is a measure of the intensity of 
demand, or the willingness of consumers to 
pay for the firm’s product. Throughout the 
analysis, it will be assumed that for all reali- 
zations of @, more output is demanded the 
lower the regulated price; that is, Q,( p,@). 
<0. Further, to avoid characterization of 
local minima rather than maxima, we as- 
sume |C’(Q(p, 8))| <|Q,(p,9)|* Wp, 8, 
when C”(-) <0, where primes denote de- 
rivatives. In words, demand curves are as- 
sumed to be more steeply sloped than the 
firm’s marginal cost curve when the latter is 
downward sloping.’ Finally, for simplicity 
we abstract from shutdown considerations 
until Section IV. Thus, we temporarily as- 
sume that demand is sufficiently great rela- 
tive to costs for all realizations of @ that it is 
preferable to have the firm operate rather 
than shut down. 

The regulator is endowed with the power 
to establish a unit price for the firm’s output 
and to specify a transfer, T, from consumers 
to the firm. The funds for the transfer pay- 
ment might be generated by the fixed com- 
ponent (or “access charge”) of a two-part 


©The firm need not know the demand curve it faces 
exactly for our basic conclusions to hold. The key point 
is that the firm’s knowledge of demand is better than 
the regulator’s knowledge. Exact knowledge of demand 
does, however, ensure the socially efficient shutdown 
decision when marginal costs increase with output. (See 
Section IV.) 

7This is a standard type of assumption which ensures 
the regulator’s problem is concave. If the relevant de- 
mand curve were flatter than the downward-sloping 
marginal cost curve over some range of output, the 
possibility arises that in that range, incremental produc- 
tion costs would exceed the incremental benefits to 
consumers. In particular, production at a level given by 
the equality between price and marginal cost could 
provide a minimum of social surplus rather than a 
maximum. 


VOL. 78 NO. 5 


tariff, for example.* The regulator can ob- 
serve (and therefore enforce) the regulated 
price. The quantity sold at the regulated 
price is presumed prohibitively costly for the 
regulator to monitor directly. However, the 
regulator can still be sure that the firm fulfills 
its mandate to serve all demand at the regu- 
lated price. To do so, the regulator need only 
invite consumers to report any incident in 
which they were (either) refused service at 
the established price (or charged a higher 
price), and penalize the firm for, such ration- 
ing. >` 

The assumption that the quantity of out- 
put sold by the firm is unobservable is an 
important one, and so warrants explanation.’ 
One simple interpretation of the assumption 
stems from the observation that there are a 
variety of attributes of a “unit of output” 
that are not readily monitored by the regu- 
lator. For example, telephone calls of a given 
duration differ markedly in quality depend- 
ing upon how quickly the connection is made, 
the amount of static on the line, etc. Thus, 
our assumption may be interpreted as a 
statement that it is prohibitively costly for 
the regulator to monitor precisely the num- 
ber of units of “quality-adjusted” output 
that are sold. Alternatively, even if quality 
considerations are‘ unimportant, it will gen- 
erally be very costly for the regulator to 
collect his own data.on sales. And if the 
regulator relies solely on the firm for infor- 
mation, the firm may find it advantageous to 
engage in “creative bookkeeping” to misrep- 
resent sales data. In what follows, we ab- 
stract from these issues by assuming the 


*Under this interpretation, the fixed component of 
the two-part tariff (that consumers must pay regardless 
of the number of units of the product they ultimately 
purchase) is assumed not to affect demand. 

*With the cost function known, if output were ob- 
servable the firm could simply be compensated for its 
realized costs. Under this policy, the firm would have no 
incentive to produce a level of output other than the 
one most preferred by the regulator. Thus, the problem 
we analyze is only interesting if the firm’s sales cannot 
be observed perfectly by the regulator. For simplicity, 
we assume they are completely unobservable to the 
regulator. 
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regulator cannot observe the firm’s sales at 
all. It is worth noting that when marginal 
costs rise with output, the inability of the 
regulator to monitor output is of no conse- 
quence. (See Corollary 2 below.) 

The regulator’s objective is to maximize a 


weighted average of expected consumers’ 


surplus (S) and profit (II). ae (3, 1} will 
represent the weight on consumers’ surplus, 
and 1—a the weight on profit. 10 Formally, 
the regulator’s problem [RP] is the follow- 
ing: 


Maximize ~ 
P(), 78) 


['(als(o(»(8),8))-T(0)) 


+[1—a]11(8|6)} (8) a0 


| subj ect to: 


(IR) I1(@|6)>0vec|¢, 8], 


(IC) +11(6|4)=11(6|6) ve,6e [6,6], 


where 


m(ja) = p(4)Q( p(4), 8) 
— C(Q( p(6),6)) + 7(6).2 


In the statement of [RP], p(@) and 7T(@) 
are the price and transfer payment that will 
be implemented when the firm’s private de- 


Thus, we focus on the case where the regulator 
“cares more” (a>+) about consumers than the firm. 
The regulator's problem is an uninteresting one when 
a <i, since unbounded transfers from consumers to the 
firm are optimal in this’ case. 

“Notice that AC |@) is positive (negative) when 
price exceeds (falls short of) marginal cost. This partial 
derivative will generally change sign in the solution to 
[RP]. This contrasts with Guesnerie and Laffont (1984, 
p. 359) where the sign is restricted to be ENEE 
positive or everywhere negative. 
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mand information is 0. QO( p(@),@) is the 
corresponding production level. The optimal 
regulatory policy can be interpreted as fol- 
lows. The regulator allows the firm to select 
a price-transfer pair from a carefully design- 


ed menu of such pairs. The incentive com- . 


patibility constraints (IC) ensure that the 
firm prefers the { p(@),7(@)} pair to any 
other when its private information is @. The 
individual rationality constraints (IR) guar- 
antee the firm nonnegative (extranormal) 
profit from the chosen price-transfer pair. 
Thus, the firm’s voluntary -participation in 
the regulated industry is ensured. 

Of central concern is how the optimal 
regulatory policy is affected by the regulator’s 
imperfect knowledge of demand. As a 
benchmark, we record the first-best policy, 
which is the one the regulator would imple- 
ment if the realization of @ were observed 
publicly.'? 


Definition 1: The first-best policy consists of 
prices p*(@) and transfer payments T*(@) 
that satisfy the following properties V@ € 
[8, 8]: 


(a) p*(0)=C(Q(p*(0),0)), and 
(b) T*(0)=C(Q(p*(0),8)) 
— p*(0)Q( p*(0),0). 


Thus, the ideal outcome from the regulator’s 
perspective (for any welfare weights a € (5, 1] 
and 1— a) holds the firm to zero profit and 
implements marginal cost prices. In the next 
section, we demonstrate that under cost con- 
ditions that are commonly assumed in for- 
mal analyses, the regulator can implement 


‘*In subsequent discussion, we will refer to the out- 
come that results under the first-best policy as the 
first-best outcome. Similarly, we will refer to the prices 
that are charged in the first-best outcome as first-best 
prices. Note that in the definition presented here, strictly 
positive levels of output are assumed to be in the social 
interest for all demand (8) realizations. In Section IV, 
we will consider the possibility that for some sufficiently 
small realizations of @, the firm will not produce at all 
under the first-best policy. 
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the first-best policy even if he has no infor- 
mation about demand. 


Ii. Nondecreasing Marginal Costs 


In this section, we examine the solution to 
[RP] when marginal production costs are 
everywhere nondecreasing. No restrictions 
are placed on average costs of production. 
Thus, in particular, average costs of produc- 


tion may be everywhere declining in the 


relevant range, so the firm may be a natural 
monopoly. No restrictions are placed on the 
demand uncertainty either. In particular, 
Q( p,@) can be both positive and negative 
in different regions, so demand curves can 
“cross.” The solution to the regulator’s prob- 
lem in this setting is recorded in Proposi- 
tion 1. | 


PROPOSITION 1: If C’(q)=0 Vq2=0, 
then the solution to [RP] is the first-best policy. 


PROOF: | 

It need only be shown that the first-best 
policy is a feasible solution to [RP] when 
C"’(q) 290 Vq2=0. To do so, consider any 
two possible distinct realizations of @: 4,, 8, 
€[6, 0] with 8, > 6,. Now, for the purposes 
of this proof only, define p,= p*(@;) and 
T,=T*(6,) for i=1,2. It remains to show 
that when @=48.,, the firm will prefer to 
implement the first-best price and transfer 
payment {p,,7;} rather than any other 
{p,T } pair. To do so, it suffices to show 
that the following two inequalities hold for 
any 6,,0, € [0,8]: 


(1) p2Q( p2,9,)- C(O( p2,9,)) + T <0, 
(2) P,Q( Pi; 6) i C(Q(p,, 6,)) +T, <0. 
There are three cases to consider. 


Casel. Q( p b1) = Q( py, 9). 


In this case, p; = p,, and T; = D; so (1) and 
(2) are obviously satisfied. 


Case 2. O( DP, 0.) < OCP, G,). 


In this case, p, <p, since Q,(p,8,) <0, 
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with strict inequality if C’(Q(p,, 9,)) > 0. 
From the definition of first-best prices, 
whenever p> pu we know Q(p,,6,)> 
O( pı» 9,). Therefore, since Q,,( p; 4,) < 0, we 


have O( po, 8 D < OCP, h )<O( pə, Gy). 
Now, substituting for p; and T, i=1,2, 


from the definition of the first-best policy, 
inequalities (1) and (2) can be rewritten, 
respectively, as 


(3) C(Q(p2,4)) 


_ C(Ol P26) C(O( 264) 
7 Q( Pr, %)— QC Pr, 41) 


(4) C'(Q( p, 6,)) 


_ (OC pu 0))- (OC ps4) 
E Q( P,,8,)- Q( pr, 0) l 


It is apparent that (3) and (4) will hold - 


V0,,9, € [0,8] with 6, >, if (and only if) 
C”(q) >20 Yq 20. 


The proof for Case 3, where Q( p4, 84) > 
O( p., 82) follows in similar fashion. 

To achieve the first-best outcome without 
knowledge of demand in this case, the regu- 
lator need only ask the firm to report the 
actual demand curve, and then implement 
the first-best price and transfer payment 
conditional on the firm’s report. The firm 
will have no incentive to misrepresent its 
private demand information under this ar- 
rangement when marginal costs of produc- 
tion increase with output.’ Demand ex- 
aggeration results in authorization to charge 
a higher unit price for output; but any reve- 
nue enhancement is more than offset by the 
associated reduction in transfer payment. 
And should the firm understate demand, the 
loss in revenue that results from the lower 


The ensuing discussion is focused on the case where 
marginal production costs increase strictly with output. 
When marginal costs are constant, the first-best policy 
is readily implemented with an allowed price set equal 
to the constant marginal cost of production and a 
transfer payment equal to the fixed costs of production. 
(See Riordan, 1984.) 
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FIGURE 1. INCENTIVES WITH INCREASING 
MARGINAL COSTS 


regulated price more than offsets the incre- 
ment in allowed transfer payment. 

To examine these effects in more detail, 
consider Figure 1, which is drawn for the 
case where Q,( p,9)>0 Vp,@. Two repre- 
sentative demand curves are depicted, one 
for “low” demand (6,) and one for “high” 
demand (6@,). Quantities are represented on 
the horizontal axis, with q;;=Q(p(9;), 9), 
i, 71,2. The first-best policy will imple- 
ment marginal cost prices, p*(6,), and award 
transfer payments, 7*(@,)(i =1,2), which are 
calculated to provide exactly zero profit to 
the firm when @, is the realized demand 
parameter. Thus, 7*(6,) will be equal to the 
fixed costs of production less areas H and J 
in Figure 1. 7*(@,) will exceed 7*(6,) by the 
sum of areas A, B, and D. 

The conclusion in Proposition 1 can be 
explained by demonstrating that the firm 
will strictly prefer to set price p*(@,) and 
receive transfer T*(0,) when @=9, rather 
than select the alternative pair { p*(6,), 
T*(9,)}, j#i, i, j=1,2. First, consider the 
change i in profit for the firm when 0 = 6,, but 
price p*(@,) is charged. The higher price 
provides greater revenues on g,, units of 
output. This gain is given by area A in 
Figure 1. The firm also suffers a direct loss 
given by area J, since the higher price 
selected leads to a reduction in demand. In 
addition, the firm’s transfer payment is re- 
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duced by the sum of areas A, B, and D 
when the higher price is selected. Hence, ‘the 
net loss to the firm from choosing the 
{ p*(@,), T*(@,)} pair rather than { p*(@,), 
T*(@,)} when ô = @, is the sum of areas B, 
D, and J. 

Now, suppose @ = @, and the firm chooses 
to set the lower price p*(@,) rather than 
p*(6@,). A direct loss in revenues given by the 
sum of areas A, B, D, and E results, which 
more than offsets the increment in transfer 
payments (areas A, B, and D) that is pro- 
vided when the lower price is charged. An 
additional loss given by areas F and G re- 
sults because the cost of producing the incre- 
mental demand (4,,— qn) exceeds the al- 
lowed revenues. 

It is also straightforward to verify that the 
conclusion of Proposition 1 is not altered if 
the firm cannot be prevented from rationing 
customers. In Figure 1, when 6, is the true 
demand parameter and the firm chooses to 
set unit price p(6,), the profit-maximizing 
output level is g,,. But at this level of pro- 
duction, the loss in net revenues exactly off- 
sets the. increment in transfer payments that 
is generated by setting the lower price. 


COROLLARY 1: If C”(q) = 0 Vq 20, then 
the regulator can implement the first-best policy 
even if he cannot detect rationing of custom- 
ers.\4 | . 


Since the first-best outcome is attained in 
this setting, no strict gains would be realized 
if it were possible to verify the firm’s sales 
exactly. 


COROLLARY 2: Provided C”(q) 20 Yq > 
0, any information about realized demand in 
the industry has no value to the regulator. 


14 The firm will actually be indifferent between imple- 
menting the marginal cost price while serving all de- 
mand and charging a lower price while limiting output 
to the profit-maximizing level. Thus, the “loss” that 
arises when rationing cannot be prevented is that the 
firm may only weakly prefer to implement the first-best 
policy, whereas the preference will be strict wac ration- 
ing can be detected and punished. ` 
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It remains to determine whether the 
first-best pokcy might be feasible even when 
marginal prcduction costs decline with out- 
put over some range. As noted in the proof 
of Proposition 1, this is not the case. | 


COROLLARY 3: The first-best policy is a 
feasible solution to [RP] only if C’(q)>0 
Vq> 0. 


Hence, it remains to characterize the opti- 
mal regulatory policy when marginal pro- 
duction costs decline with output. The anal- 
ysis begins in Section III. 


HI. Decreasing Marginal Cost and 
Single Crossing 


The main conclusion to be drawn from 
Section II is that with rising marginal costs 
of production, the firm’s incentives can be 
made to coincide with those of society, so 
the information asymmetry between regu- 
lator and firm regarding demand is largely 
inconsequential. Notice that this conclusion 
was shown to hold even though virtually no 
restrictions were placed on the nature of the 
information asymmetry. 

Matters are somewhat more complicated 
with declining marginal costs. Here, ad- 
ditional structure is, required for a complete 
characterization of the solution to [RP]. To 
begin, we suppose higher realizations of 0 
correspond to greater demand at all: prices; 
that is, O,( »,8@) > 0 Vp, @. Furthermore, we 
impose’ the single-crossing property (SCP), 
which is commonly assumed in self-selection 
problems of the type considered here. (See 
Russell Cooper, 1984, for a survey and gen- 
eral treatment.) Intuitively, the SCP guaran- 
tees the firm is systematically more willing 
(or systematically less willing) to forego 
transfer payments to obtain a higher unit 
price the greater is demand. As reported 
below, the SCP will hold, for example, when 
increases in § correspond to parallel outward 
shifts in the demand curve. 

When the SCP holds, it turns out that the 
firm must be induced to select a higher price 
the greater is demand under the optimal 
regulatory policy. (See Lemma 2 below). 
Thus, an okvious conflict arises between 
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feasible prices and first-best prices (which 
fall with demand when marginal costs are 
declining). As is reported in Proposition 2, 
this conflict is always resolved.by instructing 
the firm to set the same price for its product, 
independent of its private demand informa- 
tion. In effect, the firm’s superior knowledge 
of demand must be ignored when marginal 
costs decline with output because it is too 
costly to make the firm’s interests coincide 
with those of society. Rather than delegate 
any pricing authority to the firm, the regu- 
lator uses his own imperfect demand infor- 
mation to establish the regulated price. 

To state these conclusions formally, two 
definitions are helpful. 


Definition 2: A price schedule, p(@), is in- 
centive compatible if it (along with the asso- 
ciated transfer schedule, T(@)) satisfies the 
(IR) and (IC) constraints in [RP]. 


Definition 3: The single-crossing property 
(SCP) holds if the firm’s marginal rate of 
substitution of price for transfer payment 
(II,(p,8@)) is. monotonic in 8 V@&[8, 4], 
and strictly monotonic for some 8 € [8,8], 
where II(p, 8) = pQ(p, @)— C(Q(p, #))+ 
T(6).» 


As noted above, the SCP ensures the firm’s 
preferences vary smoothly and consistently 
with its private information. Lemma 1 re- 
ports that if the firm’s private information 
pertains only to the position of the demand 
curve and not to its shape, then the SCP is 
automatically satisfied. (The proof of the 
Lemma follows from straightforward differ- 
entiation of II( p, @).) 


LEMMA 1: If Q,o(p,0)=0 VO€[8, 6] 
and Wp>0, then Il ,6(p,8)>=0 Vp,8, so 
the SCP holds. 


‘Sas its name implies, the SCP guarantees that any 
two iso-profit curves for the firm in p— T space, each 
corresponding to a different realization of @, intersect at 
most once. The additional structure implied by the SCP 
facilitates the characterization of incentive-compatible 
price policies: provided the (IC) constraints in [RP] are 
satisfied locally, they will also be satisfied globally when 
SCP holds. 
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Thus, any setting in which higher realiza- 
tions of @ correspond to parallel outward 
shifts in demand constitutes a setting where 
the results cited in this section are valid.’® 
Of course, the single-crossing property will 
also be satisfied more generally. 

An implication of the SCP is the follow- 
ing. 


LEMMA 2: If the SCP holds, then p’(@) = 0 


V6 [8,0] in any incentive-compatible price 
policy. 

The intuition that underlies Lemma 2 is 
fairly straightforward. (The proof is omitted. 
See Guesnerie and Laffont, 1984, for the 
essential details.) To illustrate, take the case 
where price exceeds marginal production 
cost. If the firm is to be induced to set a 
lower price (p, < p,) in this case, it must 
receive a higher transfer payment (T, > T). 
The increase in T required to offset the 
decrease in revenues will have to be rela- 
tively large when demand is high (8 = @,). 
However, for smaller realizations of demand 
(6, <8), the same drop in price results in a 
smaller decrease in revenues. Therefore, if 
the firm (weakly) prefers { p,, T,} to { pis Ti} 
when 8 = 8., the preference will be strict 
when @ = 6,. Consequently, the price charged 
by the firm in any incentive-compatible 
policy cannot decline with demand. 

But when the regulated price must rise as 
demand increases to ensure incentive com- 
patibility, price is proceeding in a direction 
Opposite to that of the first-best price. Thus, 
allowing the firm to use its private knowl- 
edge of demand to select the market price 
becomes very costly...so costly, in fact, that 
no delegation of pricing authority is allowed. 


8One setting in which Qp0( p,@) = 0 Wp,@ is the 
following. Suppose the utility function H(-) of every 
consumer is separable in income (y) and the quantity 
(q) of the regulated commodity consumed, and is of the 


form: H(q,y,@)=h(y)+ 2(q¢+8@), where A(-) and 


z(-) are increasing functions of their arguments. 8 might, 
for example, represent an endowment of the regulated 
commodity. It is straightforward to verify that the stated 
property of aggregate demand for the regulated com- 
modity is satisfied in this setting. 
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PROPOSITION 2: Suppose C”(q) <0 Yq 
>0 and the SCP holds. Then in the solution 
to [RP], the same price (and transfer pay- 
ment) will be implemented for all realizations 
of demand. 

The stark contrast between Propositions 1 
and 2 warrants emphasis. (The proof of Pro- 
position 2 is in the Appendix.) When mar- 
ginal production costs rise with output, the 
firm is readily motivated to use its private 
knowledge of demand to implement the out- 
come that is socially most preferred. On the 
other hand, when marginal costs decline with 
output in the setting under consideration, it 
is so costly to induce the firm to use its 
superior knowledge in the social interest that 
any attempt to do so is abandoned: the 
regulator relies solely on his imperfect de- 
mand information to structure regulatory 
policy.!” 

The single price that is implemented by 
the regulator depends upon his prior beliefs, 
upon the firm’s cost structure, and upon a. 
In order to limit the firm’s rents, the price 
generally differs from the price that maxi- 
mizes expected total surplus. The extent and 
nature of the difference can be shown to 
depend upon the third derivative of the firm’s 
cost function.® 


TV. Extensions of the Model 


To facilitate an intuitive understanding of 
the essential elements of the optimal regu- 


“A similar conclusion is reported'in Guesnerie and 
Laffont (1984). The authors present conditions under 
which a social planner will “ignore” any productivity 
information possessed .by workers in a labor-managed 
public firm. When these conditions are satisfied, the 
social planner will simply mandate a fixed level of labor 
supply for all possible realizations of productivity. - 

18Suppose expected total surplus is a single-peaked 
function of price; and suppose Q,9(p,@)=0 Wp, 9. 
Then when C’” (g)>0 Vq, the regulator will set price 
above the level ( p”) that maximizes expected total 
surplus. The optimal regulated price will be below p” 
when C% (qg) <0. And if production costs decline lin- 
early with output, the regulator will implement. price 
p“. These conclusions hold regardless of the regulator’s 
preferences concerning the distribution of surplus be- 
tween consumers and the firm (i.e., they hold Ya € 


(2,1). 
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latory policy, a‘number of simplifying as- 
sumptions were maintained in the preceding 
sections. In particular, marginal costs were 
assumed to be everywhere declining or ev- 
erywhere increasing. Also, the possibility of 
shutting the firm down altogether was 
ignored. The purpose of this section is to 
extend. the analysis to consider the possibili- 
ties of U-shaped marginal cost curves and 
shutdown.’ 7 

We begin by examining the optimal regu- 
latory policy when marginal costs of produc- 
tion initially decline over some range of out- 


put (q€[0,q*)) and then rise for higher 


output levels (q € (g*,00)). We continue to 
assume the firm’s cost structure is common 
knowledge, and the single-crossing property 
(SCP) holds. For simplicity, the possibility 
of shutdown is not, considered yet. 

The solution to [RP] in this case is il- 
lustrated in Figure 2.” As is apparent, the 
optimal price schedule p*(@) is a “combina- 
tion” of the schedules that are optimal when 
marginal costs are everywhere declining and 
when they are everywhere increasing. A con- 
stant price, p, will be charged whenever the 
realized demand curve intersects the margin- 
al cost curve in its declining range (i.e., for 
0 =[6, 0+], where p*’(@) £0 as 6 $ 8+). This - 
same price will also be implemented when 
the point of intersection lies in the region 
where marginal costs begin to increase (.e., 
where p*’(6) > 0). However, after some point 
(@) in the region where marginal costs (and 
thus first-best prices) are rising, the first-best 
prices will be charged.” 


IAs noted in fn. 5, the conclusions derived above 
also carry over in straightforward fashion to the case 
where the cost function is not known with certainty, but 
where the regulator and firm share the same imperfect 
knowledge of cosis. 

2A formal proof of the results that underlie Figure 2 
is omitted, as the techniques employed are analogous to 
those explored by Guesnerie and Laffont (1984). 

Note that it is possible to have @ = @. This is most 
likely to be the case when 9-6" is small (so that 
marginal costs decline with output over most of the 
relevant region) and when p*(#)— p*(@“) is small (so 
that the ascent of marginal costs is not steep in the 
region where they are rising). When 6 = 6, př (0) =p 
vô €[6,@], as in the case where marginal costs are 
everywhere declining. 





VOL. 78 NO. 5 


mig) 


wid} 


REGION OF SHUTDOWN 





FIGURE 2. U-SHAPED MARGINAL Costs 


In the region [6,8] where first-best 
prices are charged, the firm’s profit will be 
invariant to the realization of @, as was the 
case in Section II. However, to induce the 
. firm to set the higher first-best price rather 
than p when 0 €[0,0], the firm must be 
afforded the rents it could secure if # were 
the realized demand parameter. Hence, the 
transfer payment to the firm for setting a 
price above p includes I1(6| 4). 

The second extension of the basic model 
we consider is the shutdown decision. Con- 
sider, first, the case in which marginal pro- 
duction costs are known to be everywhere 
nondecreasing with output. In this case, re- 
call, the firm earns no profit if it operates. 
Hence, if it is provided with exactly zero 
profit when it shuts down, the firm will have 
no incentive to exaggerate demand to avoid 
being shut down; nor will it gain by 
terminating operations when production is 
in the social interest. Thus, when marginal 
productions costs increase with output, the 
first-best outcome can be ensured while de- 
legating all „pricing and operating decisions 
to the firm.? 

Now consider the case where marginal 
production costs decline with output and the 
single-crossing property is satisfied. It is not 
difficult to show that in this case, the regu- 


22We make the common assumption here that when 
it is indifferent among actions, the firm chooses in the 
social interest. 
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FIGURE 3. DECLINING MARGINAL COSTS AND 
SHUTDOWN 


lator will continue to offer a single price and 
transfer payment for all realizations of de- 
mand, even when shutdown may result. 
Therefore, since the firm’s profit increases 
with @ at a rate directly proportional to the 
difference between price and marginal cost 
(see equation (A1) in the Appendix), profit 
will decline with # for small demand realiza- 
tions, and increase with @ for large demand 
realizations. Consequently, the firm’s profit 
will be minimized, and: hence the (IR) con- 
straints will bind, at intermediate realiza- 
tions of 6. Therefore, whenever the solution 
to [RP] imposes shutdown, production will 
be absent for some intermediate realizations 
of demand, as illustrated in Figure 3.” 

There are a number of interesting implica- 
tions of this fact. First, the regulator gener- 
ally cannot induce the firm to terminate op- 
erations only when it is socially desirable to 
do so (i.e., when @ is sufficiently small that 
the net surplus from operation is negative); 
additional shutdown may be unavoidable for 
realizations under which production is so- 


2 The fact that shutdown occurs for intermediate 
rather than extreme realizations of 0 warrants empha- 
sis, in part because it is in contrast to the findings in 
related studies in the regulated literature. (See, for ex- 
ample, Baron and Myerson (1982) and Guesnerie and 
Lafont (1984).) The difference stems from the afore- 
mentioned monotonicity of the firm’s profit function in 
§ that is imposed in other studies, but is not imposed 
here. (Recall fn. 11.) 


z 
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cially desirable. Consequently, because this 
undesired but unavoidable shutdown can be 
very costly, the fact that net social losses will 
result from operation for small realizations 
of @ is not sufficient to ensure shutdown will 
occur for these realizations. On the other 
hand, circumstances may arise in which 
shutdown is induced even though the firm 
generates positive net social surplus for all 
demand realizations.** Although shutdown 
does impose some direct losses in this set- 
ting, it also reduces the rents the firm can 
command when it does operate. This latter 
effect guarantees that if the expected losses 
from terminating operations are sufficiently 
small (as when g(@) is small for inter- 
mediate values of 0), then some degree of 
‘shutdown will be optimal. In summary, we 
have: 


PROPOSITION 3: The fact that the net 
surplus from efficient operation is strictly 
negative for some realizations of @ is neces- 
sary and sufficient for shutdown. to be imple- 
mented for those realizations when C”(q) =0 
Vq2> 0. It is neither necessary nor sufficient 
for shutdown when C"(q) <0 Yq > 0. In this 
latter case, if shutdown does occur, it occurs 


for intermediate demand realizations [6,, 6, 
c [@, 6}.” 


- V: Conclusions 


We have analyzed the optimal regulatory 
policy when the firm is endowed with supe- 
rior information about demand, but the reg- 


*4Recall that similar predictions are derived from 
regulatory models with cost uncertainty. See, for exam- 
ple, Baron and Myerson (1982). T 

25It is also possible to show that any region of 
shutdown [6,,4,] will be a nondegenerate interval. To 
see this, note from equation (A1) in the Appendix that 
if shutdown occurred for a single realization of @, say 
6”, then p(6")=C’'(Q( p(6™), 6”), T1(0") =0, and 
11’(6") =0 would all be true. Thus, since shutdown 
first occurs at a point of efficient operation, social losses 
from shutdown initially rise at an infinite rate. And 
since II’(@)=0 at 8 =”, there is initially no reduc- 
tion in the firm’s expected rents from shutdown. There- 
fore, since the optimal extent of shutdown is that at 
which the expected marginal gains and losses are 
equated, shutdown must occur over a nontrivial interval 
if it occurs at all. 
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ulator and firm share the same technological 
information. The optimal policy was shown 
to be sensitive to the firm’s technology and 
to the nature of the demand uncertainty. 
When marginal costs of production increase 
with output, the information asymmetry . 
about demand is inconsequential for the reg- 
ulator. He can (costlessly) induce the firm to 
employ its superior knowledge in the social 
interest, thereby implementing the first-best 
outcome. | 

On the other hand, when marginal costs 
decline with output under the demand con- 
ditions we have posited, no pricing authority 
is delegated to the firm.” The regulator uses 
his own imperfect information exclusively to 
establish the regulated price. In the case of 
declining marginal ‘costs, the fact that the 
maximum net surplus from production un- 
der the realized demand curve is negative is 
neither necessary nor sufficient for shutdown 
of the regulated firm. And when shutdown is 
optimal, it will generally occur for inter- 
mediate rather than’ extreme realizations of 
demand. | 

An important implication of these findings 
is- that the optimal regulatory policy will 
differ in important qualitative dimensions 
when the firm is privately informed about 
demand rather than about costs. Thus, be- 
fore attempting to.draw any general conclu- 
sions about appropriate regulatory policy in 
the presence of asymmetric information, it is 
imperative that the nature of the information 
asymmetry be carefully identified. 

An important possibility in practice is that 
the firm will have better information about 
both its demand and cost functions. It can 
be shown that if the firm has better informa- 
tion about both demand and the fixed costs 


*©1f the firm’s private information concerns both the 
position and shape of the demand curve in such a way 
that the SCP is not satisfied, then the optimal regulatory 
policy may entail prices which decline with demand 
when marginal production costs decline with output. 
Consequently, it mav be possible to induce the firm to 
use its private information to set prices which vary with 
@ in the direction that first-best prices vary with 0. 
Thus, some delegation of: pricing authority may be 
optimal. A complete characterization of the optimal 
regulatory policy in this case is problematic because the 
(IC) constraints in [RP] will generally not hold globally 
even though they hold locally. 
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of production, but the constant marginal 
cost of production is common knowledge, 
the optimal regulatory policy will be as de- 
scribed by Baron and Myerson (1982): price 
will be set equal to marginal cost, so the only 
inefficiency that will arise comes in the form 
of shutting down the firm in cases where 
total surplus is strictly positive. Thus, the 
presence of asymmetric information about 
demand does not alter or seriously com- 
plicate optimal regulatory policy in this case 
because the demand and cost uncertainty are 
effectively “separable.” Absent this sep- 
arability, however (as when there is asym- 
metric information both about demand and 
about marginal production costs), interesting 
interactions between the two types of un- 
certainty arise. (For details, see Lewis and 
Sappington (1988).) 


APPENDIX 
PROOF OF PROPOSITION 2. 


From Lemma 2, p’(@) = 0 V8 € [9,8] in any feasible 
solution to [RP]. Let p(@) represent the proposed solu- 
tion to [RP], and let p*(6) represent the first-best price 
schedule. Also let 6° € [8,6] represent the value of 8 at 
which the two schedules, p(@) and p*(@), intersect. 
Since C”(q) < 0 Vq > 0, the schedules intersect at most 
once on the domain [6,8]. We will return to consider 
the possibility that they do not intersect at all. The 
proof is completed for the case where the schedules 
intersect by showing that the regulatory policy p*(@) = 
p*(8°) = p(8°) and T*(8) = ~ p(6°)Q( p(8°), 8°) + 
C(O( p(@°), 8°) V6 & [6,6] is a feasible schedule that is 
strictly preferred by the regulator to p(@). 

Since { p*(8), 7*(8)} consists of a single price and 
transfer payment, it is obviously incentive compatible. 
Now, using techniques that are standard in the litera- 
ture (see, for example, Baron and Myerson (1982), 
Cooper (1984), and Guesnerie and Laffont (1984)), it is 
readily shown that in any feasible solution to [RP], 
{ p(@), T(@)}, that satisfies the (IC) constraints, 


(Al) II’'(@)=[p(8)-C’(Q(p(9),8))] 
XOo(p(9),6) voe[9, 6]. 


Therefore, the proposed regulatory policy also satis- 
fies (IR) because I1(8°) = 11(8°|6°) = 0 and p®(@)< 
C’(O( p*(8), 8)) for 8 [8,0°) and p*(6) > 
C(Q( p*(8), 8) for 6 € (0°, 8)? 


Standard analyses also reveal that if the SCP holds, 
any regulatory policy that satisfies (A1) also satisfies the 
(iC) constraints in [RP]. l 
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‘Next note that by construction, the gap between 
price and marginal cost is (weakly) reduced under the 
proposed p*(#) schedule. This has two effects., First, 
expected total surplus is increased. Second, from (A1), 
the rate at which the firm’s realized profit increases with 
reductions in 8 below @° and with increases in 8 above 
9° is everywhere smaller under p*(@) than under p(@). 
Hence, with expected total surplus increased and the 
firm’s share of the total reduced under the p*(6) sched- 
ule, it will provide a larger value for the objective 
function in [RP], contradicting the presumption that 
p(9) is a solution to [RP]. 

Finally, notice that if the proposed solution p(@) lies 
everywhere above (below) the first-best price schedule, 
p*(@), the preceding arguments carry through in analo- 
gous fashion with p*(@) = p*(@)( p*(@)) V8 & (8, 8]. 
For an alternative proof of a similar result, see Guesnerie 
and Laffont (1984). 
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Imperfect Information and Staggered Price Setting | 


By LAURENCE BALL AND STEPHEN G. CECCHETTI" 


Many Keynesian macroeconomic models are based on the assumption that firms 
change prices at different times. This paper presents an explanation for this 
“staggered” price setting. We develop a model in which firms have imperfect 
knowledge of the current state of the economy and gain information by observing 
the prices set by others. This gives each firm an incentive to set its price shortly 
after other firms set theirs. Staggering can be the equilibrium outcome. In 
addition, the information gains can make staggering socially optimal even though 


it increases aggregate fluctuations. 


In many Keynesian models of the business 
cycle, firms change prices at different times. 
Even if individual prices change frequently, 
this “staggered” price setting leads to inertia 
in the aggregate price level, which causes 
nominal disturbances to have large and long- 
lasting real effects (see Olivier Blanchard, 
1983, 1986; and John Taylor, 1980). A fre- 
quent criticism of this research is that the 
timing of price changes is treated as exoge- 
nous. The models show that staggering has 
important macroeconomic effects, but they 
do not explain why staggering occurs. In 
fact, if the firms in these models are allowed 
to choose when to change prices, all firms 
change them simultaneously.’ 

This paper attempts to strengthen the 
foundations of Keynesian models by pre- 
senting an explanation for Staggered price 
setting. We develop a model in which firms 
have imperfect knowledge of the current state 
of the economy and gain information by 
observing the prices set by others. This gives 


*Graduate School of Business Administration, New 
York University; and Ohio State University and NBER, 
respectively. This is a revised version of. NBER Working 
Paper No. 2201, April 1987. We are grateful for many 
helpful suggestions from Olivier Blanchard, Larry Jones, 
David Romer, Julio Rotemberg, Matthew Shapiro, 
Michael Whinston, the referees, and seminar par- 
ticipants at Columbia, North Carolina State, Ohio State, 
and the Federal Reserve Bank of Kansas City. 

‘The result that synchronization is the equilibrium 
timing is apparently a long-standing folk theorem. It is 
demonstrated formally for the Blanchard model in this 
paper and in Laurence Ball and David Romer (1987b). 
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each firm an incentive to set its price shortly 
after other firms set theirs. Staggering can be 
the equilibrium outcome.” 

The argument that imperfect information 
can lead to staggered price setting is an old 
one. Arthur Okun (1981), for example, argues 
that firms’ concern for relative wages com- 
bined with their ignorance of one another’s 
plans leads to staggering. ‘Okun describes a 
hypothetical economy in which all firms set 
wages on January 1 of each year. He then 
speculates: 


[T]he inability of firms to assess rela- 
tive wage prospects would destabilize 
the synchronized situation. Every em- 
ployer would like to make a decision in 
full light of decisions that others had 
made, but would also like to respond 
promptly. So an employer would want 
to move a bit. behind the schedule fol- 
lowed by the others. As a result, some 
employer would decide to shift the 
wage adjustment date to February 1, in 
order to observe what all the other 
employers had done. Others would also 


* Other explanations for staggering are presented by 
Gary Fethke and Andrew Policano, 1984,1986; Eric 
Maskin and Jean Tirole, 1985; Michael Parkin, 1986; 
and Ball and Romer, 1987b. One prominent informal 
explanation is that firms change prices at different times 
simply because they face different shocks and different 
costs of price adjustment. If this were the entire ex- 
planation, however, a large enough nominal shock would 
cause all prices to adjust immediately. Only moderate 
shocks would have real effects. 


1000 THE AMERICAN ECONOMIC REVIEW 


want to make such a move, but obvi- 
ously everyone cannot exercise the 
preference to bat last. The likely result 
of this “time-location” problem. is 
analogous to that of some spatial loca- 
tion problems. It generates a tendency 
to spread the distribution of wage-ad- 
justment dates around the calendar, 


p 95] 


While Okun discusses wages, his point ap- 
plies equally well to price setting in general. 
Similar discussions of imperfect information 
and staggering appear in recent macroeco- 
nomics textbooks (for example, Robert Hall 
and Taylor, 1988, ch. 15). 

Despite their popularity, these explana- 
tions for staggering have never been formal- 
ized. This paper shows that adding imperfect 
information. to Blanchard’s (1986) model of 


monopolistically competitive price setters . 


can create endogenous’ staggering. In our 
model, each firm’s desired price depends 
separately on local and aggregate demand 
shocks, but the firm observes only: their sum. 
‘As a result, if all firms change prices at the 
same times, each faces a-version of Robert 
Lucas’s (1 973) signal extraction problem. But 
when price decisions are staggered, a price 
setter observes prices set recently by other 
firms. These provide information about the 
previous price setters’ estimates of. the un- 
derlying shocks, and this information im- 
proves the current firm’s estimates. 

We use the model to address two ques- 
tions. First, when does imperfect informa- 
tion lead to staggering? We characterize the 
conditions under which staggering and syn- 
chronization are stable Nash equilibria. Sec- 
ond, can staggering be socially optimal? 
When information considerations are absent, 
staggering is Pareto inferior to synchroniza- 
tion because it leads to price-level inertia, 
which exacerbates business cycles. But in our 
model, staggered price setting helps firms set 
prices closer to full-information levels and 
may lead to'a net improvement in welfare. 

Much of our analysis, including our 
welfare results, depends only on the presence 
of a firm-specific and an aggregate demand 
shock that price setters cannot distinguish. It 
turns out, however, that these two shocks are 
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not sufficient to make’ staggering a stable 
decentralized equilibrium. Stable staggering 
arises only when we assume that each firm — 
belongs to a small “neighborhood” of firms 
—an industry or geographic area—and that 
there is a third demand shock that is com- 
mon to neighbors. Throughout, we compare 
the implicetions of the model with and 
without neighborhood shocks.’ ` 

The remainder of the paper consists of six 


i sections. Section I presents the model and 
`- Section II describes the information gains 


from staggering. Section III derives the be- 
havior of the aggregate price level under 
staggering and synchronization. As in previ- 
ous work, staggering leads to price-level in- 
ertia. Section IV uses the results of the earlier 
sections to determine which of the two re- 
gimes is socially optimal, and Section V de- 
termines when each is a stable decentralized 
equilibrium. Finally, Section VI discusses 
generalizatians and offers conclusions. | 

Our results illustrate the complemeritarity 
of new classical and new Keynesian macro- 
economic models. Lucas’s framework of im- 
perfect information provides a foundation 
for Blanchard’s model of staggered | price set- 
ting. At thé same‘time, the possibility of | 
staggering makes more plausible the idea 
that information imperfections äre an im- 
portant source of aggregate fluctuations. In 


`The presence of shocks specific to sectors of the 
economy is also crucial in Fethke and Policano’s 
(1984, 1986) medels of staggering. In their work,. how- 
ever, the. sectors must be large, and price setting is 
synchronized within. sectors (for example, all manufac- 
turing firms change prices in even periods and all service 
firms in odd per-ods). Inour model, the economy con- 
tains many smal] sectors, and (as we show below) price 
setting can be siaggered within sectors. We view our 
model’ as more realistic. ‘Note also that thé source of 
Staggering in Fetake-Policano is very different from the 
source in this paper. In their models, staggered wage 
setting arises because adjustment of one sector’s wage 
when other wages are fixed causes beneficial changes in 
relative wages. In our model, by contrast, the relative 
price movements caused by staggering are undesirable 
(again, we believe that this is realistic). Most important, 
in our model the benefit from staggering is that firms 
learn about the current values of demand shocks by’ 
observing one another’s prices. This benefit is not pres- 
ent in Fethke-Policano, because there firms have com- 
plete information about current shocks. 
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actual economies, these imperfections ap- 
pear short-lived. For example, data on the 
U.S. price level are available with approxi- 
mately a one-month lag. Short information 
lags can lead to staggering, however, and 
staggering causes nominal shocks to have 
long-lasting real effects. 


I. The Model 


Our model combines elements of the mod- 
els in Blanchard, 1986; Blanchard and 
Nobuhiro Kiyotaki, 1987; and Blanchard 
and Stanley Fischer, 1988. The economy 
contains a large number of firms that sell 
differentiated products. Each firm fixes its 
nominal price for two periods. Departing 
from previous work, we assume that each 
firm chooses the timing of its price changes; 
that is, it chooses whether to set its price in 
even- or odd-numbered periods. In addition, 
a firm faces several demand shocks and can- 
not fully distinguish between them. 

Part A of this section describes tastes, 
technology, and price setting. Here, the only 
departure from previous papers is the ad- 
dition of product-specific taste shocks to 
utility; these taste shocks are the source of 
local demand shocks. Part B describes the 
structure of shocks-and agents’ information, 
which are the crucial parts of the model. 


A. Tastes, Technology, and 
Price Setting 


The economy consists of N agents, where 
N is a large number. Each agent is a pro- 
ducer-consumer: he uses his own labor to 
produce a differentiated good, then sells this 
product and purchases the products of all 
other agents. Agents take one another’s prices 
as given. With these assumptions, we sup- 
press the labor market and focus on price 
setting in the goods market. (In future 
sections, we generally refer to agents as 
“firms.”)* 


Our model of producer-consuimers is a simplifica- 
tion of Blanchard and Kiyotaki, 1987, which contains 
both goods and labor markets. Ball and Romer, 1987a, 
1987b, study a similar economy of producer-consumers. 


Omitting time subscripts, agent i’s utility 
function is 


a) aes. 
t i e H 


I N e/(e—1) 
e~-1)/e 


where C;; is agent i’s consumption of agent 
j’s product; C,, is an index of agent i’s total 
consumption; L; is agent ¿’s labor supply; 
$; is a shock to tastes for agent j’s product; 
eis the elasticity of substitution between any 
two goods (e>1); and y measures the de- 
gree of increasing marginal disutility of labor 
(y>1). The coefficient multiplying L, 1s 
chosen for convenience. 
Agent i has a linear production function 

(2) | Y=L 


i i? 


where Y, is agent i’s output. A money de- 
mand function determines the relation be- 
tween real balances and total spending on 


goods 


(3) Y=M/P, 
where | 
1 Py, 
Y=— $ ~; and 
ee P 
R 1/01 — e) 
l-e 
p= N > (P,/9;) | > 





j=l 


M is the money stock; P; is the. price of 
agent j’s product; and P is the price index 
for consumption (agent i must spend P to 
obtain-one unit of C,).° 


Our qualitative results are robust to natural modifi- 
cations of (1)-(3). For example, we can introduce de- 
creasing returns in production (this has the same effects 
as increasing the taste parameter y); we can add real 
money balances to the utility function (as in Blanchard 
and Kiyotaki) rather than simply assuming (3); or we 
can introduce risk aversion in consumption (as in Ball 
and Romer, 1987a). 


_ 
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The utility function determines the de- 
mand for agent 7’s product as a fraction of 
aggregate spending. Writing this relation in 
logs, 


(4) »-y=-elpi- 


where y=In(Y), p=In(P), and u=(e- 
1)In().° Combining (3) and (4) yields prod- 
uct demand 


(5) »=(m-p)-elp, 


where m = ln( M). According to (5), demand 
for agent i’s product depends on three vari- 
ables: real money, which determines aggre- 
gate demand; the agent’s relative price (with 
an elasticity determined by the substitutabil- 
ity of goods); and a shock determined by 
tastes for the agent’s product. (Below we 
assume that the shock u, has both firm- 
specific and “neighborhood” components.) 

If agent i set his price every period with 
full information, he would choose the price 
that maximizes utility, (1), subject to (2), (5), 
and the constraint that his consumption 
spending equal his revenue (PC; = P,Y,). In 
logs, the utility-maximizing price is 


(6) pt =o(m+u,)+(1~o)p, 


p)+u;, 


—p)+u,, 


y-l1 


oe Se e 
l+ye-e 


We assume, however, that agent i fixes his 
price for two periods. If he sets a price at ¢, 


it is in effect at ¢ and ¢+1. This assumption _ 


captures the idea that costs of price adjust- 
ment lead agents to change prices less: fre- 
quently than shocks arrive. In principle, we 
could make the adjustment cost explicit and 
assume that agents optimize over the fre- 
quency of price changes as well as the timing 
(as in Ball, 1987). But adding another choice 
variable would complicate the analysis tre- 


°For details of the derivation of (4), see the analo- 
gous derivations in Blanchard and Fischer and in 
Blanchard and Kiyotaki. 
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mendously, and so we treat the frequency of 
adjustment as exogenous.’ 

Substituting the production function and 
product demand into (1) yields agent i’s 
utility in terms of his price and the other 
variables that affect demand (p, m, and u,). 
For simplic:ty, in the analysis below we ap- 
proximate this indirect utility function by 
—(p;- pry: ; that is, we assume that the 
agent minimizes the squared deviations of — 
his price from the utility-maximizing level. 
(Because demand is loglinear, ( p; — p*)? is 
proportional to (y,— y*)*, the squared dev 
ation of the agent s output from the utility- 
maximizing level.)° 

In choosing a price for ¢ and ¢+1, agent i 
uses all infcrmation available at the end of 
t—1. Thus, ignoring discounting, the agent 
minimizes the loss function 


(7) L=EL(xe— pty 


+ (Xin a Pit+ :)} > 


where x, is the log of agent i’s price for t- 
and t+], and E/_,.is the expectation condi- - 
tional on his information at the end of ¢—1. 
Minimization of (7) implies the. simple 
price-setting rule 


(8) x, =4{ EL Pit FE Piei 


Finally, to simplify aggregation we ap- 
proximate the log of the price index in (3) 


Tin the concluding section, we discuss the implica- 
tions of assuming that prices are fixed for more than 
two periods. Note that the cost of price adjustment need 
not be large for firms to fix prices for two or more 
periods, because a “period” can be short. As we empha- 
size throughout the paper, staggering causes nominal 
shocks to have large real effects even if individual prices 
change frequently. i 

*Similar quadratic objective functions appear in Jo 
Anna Gray, 1976; Parkin, 1986; Ball, 1987; and many 
other papers. Bal and Romer, 1987b, Appendix, study 
a model of staggered price setting without making this 
paper’s approximation to'utility. 
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B. The Structure of Shocks and 
Agents’ Information 


For realism, we now refer to the model’s 
producer-consumers as “firms.” 

Both the money stock and local demand 
are stochastic. m, follows a random walk 
(10) m,=m,.,+6,  & ~N(0,02). 
The local demand shock u; contains both a 
firm-specific component and a component 
that is common to firms within a “neighbor- 
hood.” Specifically, assume that each firm 
belongs to a neighborhood of n firms, where 


n is a small number. The economy contains . 


a large number of neighborhoods. If firm i is 
a member of neighborhood J, then 


(11) ui, = Or T Oni + Nir 


where @, is common to firms within a neigh- 
borhood but uncorrelated across neighbor- 
hoods, and y; 1s uncorrelated across all firms. 
The neighborhood shock @ and the firm- 
specific shock y are both white noise with 
mean zero and variances oj; and of. Equa- 
tion (11) implies that the neighborhood shock 
affects u, for two periods.’° 

A neighborhood can be interpreted as an 
industry or geographic area. The neighbor- 
hood shock captures the realistic idea that a 


°This is a first-order approximation used by 
Blanchard and Fischer (1988) and many others. The 
taste shocks in (3) drop out of the first-order approxi- 
mation because, as we specify below, the mean of the 
log taste shocks is zero. Again, see Ball and Romer 
(1987b, Appendix) for the implications of foregoing the 
approximation. 
°Our qualitative results are robust to other specifi- 
cations of the stochastic processes of the shocks. The 
only essential assumptions are that the aggregate, 
neighborhood, and firm-specific shocks follow different 
processes and that the first two are not white noise. 
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firm’s demand is more highly correlated with 
the demand of “neighbors” than with the 
demand of other firms. This will mean that a 
firm learns more by observing neighbors’ 
prices than by observing prices in the rest of 
the economy. The presence of neighborhood 
shocks and the persistence of their effects 
prove essential to the- result, in Section V, 
that staggered price setting can be a stable 
decentralized equilibrium. But much of our 
analysis holds for the special case in which 
u; contains only a firm- -specific component 
(02 = 0). Since this case is relatively simple, 
we emphasize it throughout. 

Our central -assumption is that agents have 
imperfect information. Firms observe one 
another’s prices when they are set, but the 
demand shocks @ and ņ and the money 
stock (which should be interpreted as nomi- 
nal aggregate demand) are observed with a 
lag. Specifically, assume that all shocks are 
revealed, for example through announce- 
ments by the government or trade associa- 
tions, with a two-period lag. Firms set x, 
based on information revealed through ¢ —1, 
so they have full information about shocks 
two periods earlier, at t—3. Assuming that 
shocks are revealed with a two-period lag, 
rather than a longer one, simplifies the anal- 
ysis but is not crucial. As will be clear below, 
a shorter lag would eliminate the informa- 
tion gains from staggering, which are the 
focus of the paper.” 


Il. The Information Gains from Staggering 
A. Overview 


The remainder of the paper studies the 
economy described in Section I. We focus on 
two price-setting regimes: synchronization, 
in which all firms set prices in even periods; 
and uniform staggering, in which half set 
prices in even periods and half in odd peri- 
ods. When neighborhood shocks are present 
(of > 0) and price setting is staggered, we 


“Tn the United States, the money stock is announced 
with a very short lag. But if we interpret m, as nominal 
aggregate demand (money times velocity), it is realistic 
to assume a significant lag. 


a munayan: 
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-assume that each neighborhood is split 


equally between even and odd periods.’* This 
section describes the price-setting problem 
facing a firm in each regime to show that 
there are information gains from staggering. 
Later sections build on this analysis to de- 
termine when synchronization and stagger- 
ing are socially optimal, and when each is a 
stable decentralized equilibrium. 

To understand the benefits from stagger- 
ing, consider the information available to a 
firm when it sets x,,. As we specify above, 
the firm observes the underlying demand 
shocks (m, 8, and 7) only through ¢ —3, but 
observes all prices, and hence the aggregate 
price level, through ¢ ~1. The demand equa- 
tion, (5), shows that the firm can infer the 
sum of its demand shocks, (m + u;), from its 
own price and sales and the aggregate price 
level. Since the firm always knows its own 
price and sales, (m + u;) is observed through 
t—1. 

If price setting is synchronized, (m + u;) 1s 
firm 7’s only information about shocks since 
t —3. But if price setting is staggered, prices 
set at £ — 1 reveal further information. As we 
show below, prices set at t-1 depend on 
(m,_,+ U;,_2), the last composite shock be- 
fore ¢—1. The local shock u; averages to 
zero over the many f—1 price cto, so the 
average of ¢—1 prices reveals m, Thus 
a firm setting x,, under staggering knows the 
money stock through ¢ —2 even though m is 
directly observed only through t—3. (In 
constrast, under synchronization firms ob- 
serve prices in effect at £ —1, but these were 
all set at ż—2 based on information about 
t—3. Since ż—3 shocks are directly ob- 
served, the prices reveal nothing new.). 

Staggering yields this information gain re- 
gardless of whether the local shock is purely 
firm-specific (o = 0) or includes a neighbor- 
hood component. With neighborhood shocks, 


12 One can show that no other pattern of price setting 
iS ever a stable equilibrium. 

IA firm’s local shock is correlated with that of its 
neighbors because it contains a neighborhood compo- 
nent, 0. But the shock still averages to zero over all t—1 
price setters, because the economy contains a large 
number of neighborhoods. 
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staggering has an additional benefit: by ob- 
serving prices set: by neighbors at ¢—1, a 
firm gains information about its t —2 
neighborhood shock, 6,,.. This proves use- 
ful both in distinguishing m from u; and in 
distinguishing the. two components of u; 
The complicated details are described below. 

The rest of this section formally describes 
a firm’s price-setting problem and its infor- 
mation set. We begin with the simple model 
without neighborhood shocks and then con- 
sider the general model. In each case, we 
compare the synchronized and uniformly 
staggered regimes. 


B. The.Simple Model 


The Synchronized Regime. If all firms 
change prices at 7,¢+2, and so on, the ag- 
gregate price level does not change in alter- . 
nate periods. This means that p, = p,,, and 
E}_ 1 P,= E/_1P;+1-, Since the money stock 
follows a random walk, E} 144. = E; 1M; 
= E} m, Finally, since u,;= 7; in the 
simple model and 7, is serially uncorrelated, 


aE. -14i = 0. Combining these results with 


firm i’s price-setting rule, (8), and the ex- 
pression for the firm’s desired price, (6), leads 
to 


(12) x$=vE! ym), + (1-0) Bays 


where x$ is firm i’s price in the synchro- 


nized regime. | 

Equation (12) shows that x$ depends on 
firm i’s estimates of m,_, and Pi- Since 
m,_3 iS announced; estimation of m,_, re- 
duces to estimation’ of the last two innova- 
tions in the money: stock, (6,_,+4,_,). As 
noted above, firm i’s sales at £ —1 and t —2 
reveal (m,_.+u,,2) and (m,_,+ Hi- 1). In 
the simple model, these signals equal (m,_ 
+ iz.) and (m, t Nit— 1). Along with 
M,_3; they reveal two pieces of information 
useful in estimating ( ô tô) 


(13) 27 eee ah) 


i 
i 


and 


(14) Z2 = 0—2 + Ni—2- 
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When price setting is synchronized, the firm 
has no additional information. 

Since the 6’s are normally distributed, the 
expectation of their sum conditional on z, 
and z, is given by a linear projection © 


(15) Ej (8-4 + 5,5) = 42, + G52, 


where 
o +207 
| a, = — m -and 
(or) l 
6, +30, t= 
bs 
2 
ae 
(o2)" 
ane! pe, eS a 
On +30, 


m 


‘The expectation of-m,_, follows immedi 
| ey 


(16) El. e 17M,- gt ay2Z, + a322. 


According to (16), expected money deneni: 
on the last announced money stock, m,_., 
and the noisy information about recent 
changes in money. 

Below we substitute (16) into firm i’s 
price-setting rule to solve for the aggregate 
price level. But first, we turn to price setting 
and information in the staggered regime. 

The Uniformly Staggered Regime. When 
half of the firms change prices in each period, 
p, does not equal p,_,. Instead of (12), the 
price ENRE rule Mapes’ by (6) and (8) is 


(17) Xi U= vE} am. 1 . 


ig kii Pet Elpis); 


where x¥ is firm i’s price in the uniformly 
staggered: regime... 

Once again, a firm’s price , depends on its 
estimate of m,_,. Crucially, this estimate is 
better under staggering than under synchro- 
nization. As noted above, firms in the 
staggered regime infer m,_, from prices set 
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at £ —1. Thus estimation of m,_, reduces to 
estimation of the single shock 6,_,, not (4,_; 
+ §,_,) as in the synchronized regime. 

Formally, we assume that staggered firms 
observe m,_, and then verify this after solv- 
ing for the price level. It turns out that each 
price set at ¢—1 is a linear combination of 
prices set at ¢--2 and shocks at ¢—2 and 
t—3, Since local shocks average: to zero 
across the economy, the average of prices set 
at t—1 depends only on prices set at t+2 
and the money stock at 1-2 and ¢-—3. 
When firm i sets x¥; it knows prices at t —2 
and the money stock at ż—3 (which has 
been announced): Therefore, the average of 
prices set at t—1 reveals the money stock at 
f=. 

To estimate §,_,, the unknown part of 
m,_,, firm i uses 


(18) 23= 9834+ yep 


which it infers from its t —1 sales. Projection 
of ĝi; onto z, leads to 





(19) Boies = My_2 + bz;, 
2 
0 
where b=—— 
. or +o. 


Not surprisingly, a comparison of (16) and 
(19) shows that the error in estimating m,_, 
has smaller variance under staggering than 
under synchronization. In the simple model, 


this is the information gain from staggering. 


C. The Neighborhood Model | 


When the local shock u; contains a 


neighborhood component, the price-setting 


problem facing firms is more complicated. In 
addition, there is a second information gain 
from staggering. This will be important for 
the result that staggering can be a stable 
equilibrium. We again consider synchroniza- 
tion and uniform staggering in turn. 

The Synchronized Regime. In the neigh- 
borhood model, the price-setting rule for 


7 2a NN ia. 
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synchronized firms implied by (6) and (8) is 


(20) x} =vE/_ym,_,+(1- v)\E; ype 
v | 
na 5 F-Pt 


x? depends on firm i's estimates of both the 
aggregate and the neighborhood shock at 


t-1. (It depends on 6,,_, but not the 


firm-specific shock n; because, by (11), 


-only the former affects demand at t.) As in 
the simple model, the firm observes (m,_,+ | 


U;,-,) and (m, -2t ug). Along with the 
announcements of t —3 shocks, these reveal 


(21) z =8 1t 82t bn- 
i o + On- + Nu-i 

and | 
(22) 23 = 9,22 + Oy + Ni-a: 


Firm i estimates 6,_, and-the unknown 


-parts of m, E Y and 6,_», (By projecting. 


them on z0 and zX: 
(23) Ej 18,1 = atzi + az? 
(24) Ej 16,2 = azr + alz? 


_ N,N N,N 
-1 745Z; +4623, - 


(25) EG, 
where aN through að depend on the vari- 
ances of the shocks, 07, og, and op. (The 
expressions for af -ağ are given in the Ap- 
pendix.) The firm’s estimate of m,:, follows 
from (23) and (24): 


(26) Eim, =Ma Tt (a7 + or 


+(a¥+ an \z* 


The Uniformly..Staggered Regime. In the ` 


neighborhood model, the price-setting rule 
under staggering is 


, l- v 
(27) Xi = vE, —1M,—1 t EE 


U `. 
vema I 
Ey 9-1. 


x (Ej pt + Ela Pra) T j 
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Again, staggered firms infer m,_, from prices 
set at ¢—1. Thus they need only estimate 
5,_, and the neighborhood: shock 6,,_,. As 
in the simple model, one relevant piece of 
information is 


(28) zy me pt Uii 


= 8,1 + 614-1 + Orn- E Ai-i 


But when neighborhood shocks are present, 
there is an additional piece of information 
provided by neighbors’ prices, Each price set 
by a neighbor of firm i'at ¢—1,x,,_;, de- 
pends on (m,_,+ Uuj- 3): Since m,_> is 
known under staggering, the price reveals 
u je—2 = (8,2 + 87,3 + 1-2). Because t —3 
shocks are announced, this means that firm i 
knows 9;,_.+,,_2, the sum at t-2 of the 
neighborhood. shock and the neighbor’s 
firm-specific shock. Firm, i also infers 6,,_., 
+;,-2, the t—2 sum of the neighborhood ` 
shock and its own firm-specific shock, from 
its sales. The firm averages this information 
over the half of its neighborhood that set 
prices at ¢ — 1 and itself—a total of (n /2)+1 
observations—and obtains 


(29) batian 


where 77,,_> is the average of the 7 ,,.2’s and 
Nir-2. Lhe n’s do not average to zero, be- 
cause the neighborhood ` size, n, is small. 
(This will be- ‘important for some of our 


results.) 


Observation of zy isthe second informa- 
tion gain from staggering. (Under synchroni- 
zation, no prices are set at £ — 1, and S0 firms 
cannot construct z.) Intuitively, zy is use- 
ful as an estimate of 6,,_,. Because of the 
persistence of the neighborhood shock, br 
is part of u,,_,. Thus information about 
Pre a helps a “firm disentangle §,_, from 

Hir 
Formally, firm i estimates the unknown 
shocks 6,_ iy) and 9,,_, by projecting aem on 


(30) Ei 19, iby bie 
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and 
(31) 


where the b”’s depend on the variances of 
the shocks and the neighborhood size, n (see 
the Appendix). The neighborhood size mat- 
ters because 7 is the average of 7 over 
(n/2)+1 observations, so Var(7) = 
(o7/(n/2+ 1). An increase in n reduces the 
variance of 7, making 2 a better estimate 
of 67,2. 

Firm i’s estimate of m,_, follows from 
E; 10,- 1° 


(32) £ 


i _ LRN.N 1. LN,N 
Ey 8y 1 = 6323 + byz4, 


aM- 17M, -2 + bzy + bizzy. 


As in the simple model, information is better 
under staggering than under synchroniza- 
_ tion: the errors in estimating m,_, and bp: 
have smaller variances. 


HI. The Aggregate Price Level - 


The next step is to solve for the behavior 
of the aggregate price level under synchroni- 
zation and staggering. Since neighborhood 
shocks average to zero across the economy, 
the results for the simple model and the 
neighborhood model are similar. We de- 
scribe only the general case. 


A. The Synchronized Regime 


Let xf be the average across firms of x$. 
When all prices are set at t (even), x?’ is the 
aggregate price level at ż and ++1. Only 
monetary shocks affect x’, because all other 
shocks average to zero. We solve for x$ by 
the method of undetermined coefficients. 
Guess the general solution 


(33) pS=xS=m,_3+761. — 


+ 7,6,_,(t even). 


To solve for the 2’s, substitute (33) into the 
price-setting rule (20). This yields x$ in terms 
of expectations of monetary and neighbor- 
hood shocks. Evaluate the expectations using 


(23)-(25). Aggregating the result yields p> 
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in terms of monetary shocks alone. Finally, 
set the coefficients on the shocks equal to the 
a’s in (33) and salve for 


v(aX+aN)+ atte vaf 


and 
U 
v(a¥+a¥) +348 +|(1-v)a} +1] 7 
T= 


1—(=v) az 


(See the Appendix for details of these calcu- 
lations.) 


B. The Uniformly Staggered Regime 


In the staggered regime, half the prices in 
effect at ¢ are set at ¢ and half are set at 
t —1. Thus the aggregate price level is 


U 
(34) Pr = ae, ji Xi- a 
where x" is the average of prices set at t. To 
solve for x¥, guess the general solution 


(35) 


U E 
x, = AgX 1 jä Àm, 


To find the coefficients, substitute (34) and 
(35) into the price-setting rule (27) and 
calculate expectations using (30) and (31). 
Aggregating and setting the coefficients in 
the resulting expression equal to the A’s 
yields!* 





Ao = d 
ae ~ | 
_ [4v+20(b8/bN)+(1—v)(1—Ao) b7 
m 4—b%(1—v)(2+X)) i 


Àg ÀA1> 0; AgtA,<I1. 


14There are two solutions for Fig We choose the 
stable one, 0 < Àg <1. Note that x¥_, depends on x} 3, 
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(Again, see the Appendix.) Combining (34) 
and (35) yields the solution for the aggregate 
price level: 


(36) př =op% 
+ LAm, T (1 = Ao) m,..2 


ai (1 z Ao ae d,)m,_4] : 
Equation (36) shows that staggering leads 
to price-level inertia—that is, to slow adjust- 
ment of the price level to shocks. The degree 
of inertia depends on À. Perhaps. surpris- 
ingly, it is independent of the variances of 
local and aggregate shocks. Inertia is greatest 
(A, is largest) when v is small. In turn, v is 
small when e is large (product demand is 
highly elastic) and when y is small (the 
marginal disutility of labor increases slowly). 


IV. The Optimal Timing of Price Changes 
A. The Approach 


This section computes a firm’s loss under 
synchronization, %5, and its loss under 
staggering, LY", to determine which regime 
is socially optimal. Synchronization is opti- 
mal if Y°< "> To compute each loss, 
we combine the price-setting rule, (20) for 
synchronization and (27) for staggering, with 
the solutions for the price level, (33) and 
(36), and the formula for a firm’ s de- 


m,_, and m,_3. Since a firm setting x¥ observes x. 
and m,_3, this verifies our claim that the firm can infer 
m,—7 from x¥ 4. 

15Recall from Section I that “firms” are producer- 
consumers, and that minus the loss function is an 
approximation to an indirect utility function. Thus, 
finding the regime that minimizes the loss function is 
(approximately) the same as finding the one that maxi- 
mizes utility of producer-consumers. Since the pro- 
ducer-consumers are the only agents in the model, it is 
natural to define the optimal regime as the one that 
maximizes their utility. (Although we refer to agents as 


firms, they are the economy’s workers and consumers as — 


well as its sellers; it is not the case that there are other 
agents whose utility we neglect.) 
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sired price, (6). This yields expressions for 
(x,,—- pë) and (x,,— př41) the deviations 
of a firm’s price from the desired level at ¢ 
and t+1. Squaring these results and taking 
expectations yields the values of the loss 
function, (7), in each régime. The Appendix 
presents details of these'calculations and the 
final expressions for ZS and ge. 


B. Results: The Simple Model 


We first present results for the model 
without neighberhood shocks. In this case, 
the relative sizes of ZS and ZY depend on 
two parameters: p=a,,/o,,, the ratio of the 
standard deviations of local and aggregate 
shocks; and v. Numerical calculations de- 
termine the locus of (v, p) pairs for which 
ZLS = ZY. This is plotted as the to P line in 
Figure 1. Below the line, 25 < ZY, so syn- 
chronization is optimal. Above the line, 
staggering is optimal. ; 

To understand this result, recall that 
staggering has both benefits and costs. The 
benefit is improved infórmation. There are 
two costs: price-level ‘inertia, which ` ex- 
acerbates fluctuations in real aggregate de- 
mand; and the ‘unintended movements in 
relative prices that occur when some prices 
adjust while others are fixed. Since there are 
both advantages and disadvantages, it is not 
surprising that staggering is optimal for some 
parameter values but not for others. 

Figure 1 shows that synchronization is 
optimal when either v or p is small. As 
noted above, v is small when product de- 
mand is highly elastic (e is large). Elastic 
product demand implies that the fluctuations 
in relative prices caused by staggering are 
very costly. In addition, firms reduce these 
costly fluctuations by setting prices close to 
those set in the previous period; thus 
staggering leads to a high degree of inertia 
and large fluctuations in'aggregate demand. 
These large costs imply that staggering is 
undesirable despite the information gains. 

Turning to the role of p, note that if p = 0, 
so there are no local shocks, then synchroni- 
zation is optimal. This case is essentially the 
Blanchard model: Information is perfect, and 


‘so there is no information gain from stagger- 
- ing. On the other hand, as long as `p is 
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Simple Model {a = 0} 


Neighborhood Model, a = 1 and n = 10 





15 20 25 30 
p 


FIGURE 1. THE OPTIMAL TIMING OF PRICE CHANGES 


greater than one, its value is unimportant in 
the simple model.'® 


C. Results: The Neighborhood Model 


The results for the general model are com- 
plicated by the addition of two parameters: 
n, the size of a neighborhood; and a= 9, /o,, 
the relative importance of neighborhood and 
firm-specific shocks. (When a= 0, the model 
reduces to the simple model.) For compara- 
bility with our earlier results, we fix n and a 
and graph the results in terms of v and p.” 
For n=10 and a=1, the bottom line in 
Figure 1 shows the (v,p) locus for which 
Z= LF"; staggering is optimal above the 
line. The results for other values of n and a 
are similar, and so we omit them. 

Figure 1 shows that the welfare results for 
the neighborhood model are broadly similar 
to those for the simple model. One difference 
is that in the neighborhood model the value 
of p is important even for p >1. In particu- 
lar, as p approaches infinity, the ZS = ZY 
locus approaches the horizontal axis, so 
staggering is optimal for all values of v. As p 
becomes large, monetary shocks disappear. 
In this case, the aggregate price level is sta- 


‘*according to Figure 1, the effect of p on the rela- 
tive sizes of ZS and YY is not monotonic. We have 
no explanation for this result. 

‘’Recall that p =9,/g,,. From (11), o2 = 2of + 02. 


ble, since it is unaffected by local shocks. 
Both of the costs of staggering—slow adjust- 
ment of the price level to monetary shocks, 
and changes in relative prices caused by 
changes in the price level when some prices 
are fixed—are eliminated. But staggering still 
has benefits: even without monetary shocks, 
firms want to distinguish neighborhood and 
firm-specific shocks, and thus value the in- 
formation in prices set recently by neigh- 
bors.}® 


V. The Equilibrium Timing of Price Changes 


While it is interesting to compare welfare 
under synchronization and staggering, it is 
also important to ask when each will arise in 
a decentralized economy. Therefore, we now 
assume that each firm chooses whether to 
change its price in even or odd periods. This 
allows us to determine when synchronization 
and staggering are stable Nash equilibria. 


A. Synchronization 


First consider synchronization. We study 
only the general model because the model 
without neighborhoods is similar. We as- 


as Lucas (1977) emphasizes, aggregate shocks are 
responsible for only a small part of the uncertainty 
facing firms in actual economies. Thus it seems realistic 
to assume that p is large, and hence that staggering is 
optimal for a wide range of v. 
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sume that all firms set prices in even periods 
and ask whether a single “rebel” can gain by 
moving to odd periods. If not, then synchro- 
nization is a Nash equilibrium. 

The rebel sets its price at ¢ and t+2 
(odd), while all other firms set prices at t —1 
and ¢ +1 (even). Since the economy is large, 
the rebel’s behavior does not affect the ag- 
gregate price level. Only the rebel changes 
price at t, so p> = p$. Using (33), - 

(37) př= 


Pèi =M, 4 T Wy 5,4 
+ 7,6,_,(t odd). 


All firms but the rebel change prices at ¢ +1, 
SO 


(38) 


Peet =m, 2 t mô, 


Since p,# P,,1, the rebel uses the same 
price-setting rule as a firm in the staggered 
regime, (27). The rebel’s information is simi- 
lar, but not identical, to that of a staggered 
firm. Equation (37) implies that the rebel can 
infer m,_, from prices set at t—1: p>, 
depends only on m,_, and earlier money 
stocks, which have been announced. Since 
M,- iS known, the rebel, like a firm under 
staggering, need only estimate 6,_, and @;,_. 
And the rebel has the same pieces of infor- 
mation, z3’=6,_,+96,_1—9,-.+7),-1 and 
zy = bn + Ñu But the results from pro- 
jecting 6_, and Ôn- on z® and zy are 
different from those in the staggered regime 
(see the Appendix). The reason is that 7,,_, 
has a smaller variance. Under staggering, 
Nir a is the average of the ņ’s over firm 
i and the (n/2) neighbors who set Prices 
at ¢—1; thus the variance of 7,,_, is o,7/ 
(n/2+ 1). In contrast, since the rebel is the 
only firm that sets its price at t, it observes 
prices set by all its neighbors at £ —1. Thus 
Ti—2 is constructed from n observations and 
its variance is o,)/n. 

Calculations similar to the derivations of 
ZLS and ZY lead to the rebels loss, Z’ 
(these calculations use the price-setting rule, 
(27), the equations for the price level, (37) 
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and (38), and the appropriate projection for- 
mulas; again see the Appendix). Synchroni- 
zation is an equilibrium if ZF > Z5—that 
is, if the rebel loses byibreaking from syn- 
chronization.!? For the simple model (a = 0) 
and for n=10,a=1, Figure 2 shows the 
(v,p) combinations for which GR = 5. 
Below each line, synchronization is an equi- 
librium; above tne line, it is not. 

The explanation for these results is that 
there are both ccsts and benefits to rebelling. 
The rebel gains information by observing 
prices set recently by all other firms. On the 
other hand, breaking from synchronization 
leads to large fluctuations in the rebel’s rela- 
tive price. If either v or ø is small—so either 
relative price fluctuations have large costs or 
the information gains from staggering are 
small—no one b-eaks from synchronization. 
(Below, we compare the condition for syn- 
chronization to be an equilibrium to the 
condition for it to be socially optimal.) 


B. Uniform Staggering 


We now consider uniform staggering. The 
results for the simple model are very differ- 
ent from those fcr the neighborhood model. 

The Simple Model. in the simple model, 
uniform staggerirg is clearly a Nash equilib- 
rium for all parameter values. With no 
neighborhoods, the even- ‘and odd-period co- 
horts of price setters are:identical halves of 
the economy, and so the losses of firms in 
the two cohorts are the same. Further, since 
the economy is large, these losses do not 
change if a single firm switches cohorts. Thus 
no firm has an incentive to switch. 

In the simple model, however, the stag- 
gered equilibrium 1 is never stable. Stability of 
staggering is defined as follows: after a small 
perturbation in tne cohort sizes away from 
half and half, firms in the larger group can 
gain by moving to the smaller one, restoring 
the equal sizes. Tc see whether this condition 
is met, we solve for the behavior of the 
economy when tae cohorts have arbitrary 


1° More precisely, swnchronization is an equilibrium 
1 es = 2°, but it is a stable equilibrium only if 
PRAS 
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Simple Model (a = 0) 


Neighborhood Model, « = 1 and n= 10 


15 20 25 30 


p 


FIGURE 2. EQUILIBRIUM TIMING: SYNCHRONIZATION 


sizes. (These calculations are similar in spirit 
to those for the special case of equal sizes; 
see the Appendix.) We compute a firm’s 
loss as a function of the proportion of firms 
in its cohort; k, and find that the derivative 
of this function evaluated at k =+ is always 
negative. Thus, following a perturbation 
away from uniform staggering, firms in the 
larger cohort are better off than firms in the 
smaller one. All firms want to join the larger 
group, and so uniform staggering is unstable. 

This result arises because each firm wants 
to minimize fluctuations in its relative price, 
and therefore wants to synchronize its price 
setting with as many firms as possible. Cru- 
cially, this incentive to join the larger cohort 
is not offset by any information loss. To 
understand this, recall the information gain 


- from uniform staggering in the simple model: 


a firm observes prices set at t-1 by half of 
all firms; each price reveals the sum of m,_, 


_ and a local shock; and so the average of the 


prices reveals m,_,. After a perturbation 


away from uniform staggering, firms in the © 


large cohort observe prices set at ¢--1 by 50 


We derive price-setting rules for each cohort, ag- 
gregate to determine the behavior of the price level, and 
then combine these results to find the losses of firms in 


each cohort. The Appendix presents these calculations . 
for the neighborhood model; the corresponding expres- ` 


sions for the simple model are obtained by setting a 
(which measures the importance of negaborhood 
shocks) to zero. 


minus percent of all firms (the small cohort), 
while firms in the small cohort observe prices 
set by 50 plus percent. But, since the econ- 
omy is large, prices set by 50 plus percent 
and 50 minus percent of firms reveal the 
same information: in both cases, the local 
shocks affecting prices average to zero and 
m,_» is revealed. ` 

The Neighborhood Model. In the simple 
model, uniform staggering is unstable be- 
cause each firm wants to join the larger of 
two price-setting cohorts. The importance of 
our assumptions about neighborhoods i is that 
they give firms an incentive to join the 
smaller cohort. As a brief digression, note 
that there are other plausible modifications 
of the simple model that would do the same. 
For example, we could assume that gather- 


ing price data is costly. Suppose that the cost © 


of observing enough prices set at t-—1 to 
obtain a good estimate of m,_, grows as the 
f—1 cohort shrinks. (A firm might need to 
travel farther to survey a given’ number of 
t — 1 price setters.) In this case, each firm has 
an incentive to set its price after as many 
firms as possible—that is, to join the smaller 
cohort.” 


lA lternatively, one could assume that a firm ob- 
serves only a small subset of other firms’ prices. In this 
case, the firm obtains an imperfect estimate of x,_. 
When the prices observed by the firm include many set 
at t—1, the estimate of x,_, is more precise, and 
therefore provides more information about m,_. This 
is an incentive for the firm to join the smaller cohort. 
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Neighborhood Viodel, a = 14, n = 10 


15 20 25 30 


FIGURE 3. EQUILIBRIUM TIMING: STAGGERING 


Returning to our neighborhood model, we 
now determine when uniform staggering is a 
stable equilibrium. As in the simple model, it 
is always an equilibrium, and so we focus on 
stability.” Recall that uniform staggering is 
defined as an equal split of each neighbor- 
hood into even- and odd-period price setters. 
We define stability as follows. Suppose that 
one firm in each neighborhood is moved 
from the odd to the even cohort, so that 
((n /2)+1) firms in each neighborhood set 
prices in even periods and ((n /2)— 1) set 
prices in odd periods. Staggering is stable if 
firms in the larger cohort have greater losses 
than firms in the smaller cohort.” 


2 The equilibrium question is more subtle than in the 
simple model. Uniform staggering is a Nash equilibrium 
if no firm has an incentive to move from one of its 
neighborhood’s cohorts to the other, given that all other 
neighborhoods remain ‘equally divided. One can show 
that a firm that switches loses information because it 


synchronizes its price setting with more of its neighbors. | 


There is no offsetting gain, because the firm still changes 
prices with 50 percent of the economy, and therefore 
experiences the same fluctuations in its relative price. 
No firm wants to switch, and so staggering is an equi- 
librium. 

There are other reasonable definitions of stability 
based on different perturbations. For example, we could 
move one firm in a single neighborhood from the odd to 
the even cohort while leaving the other neighborhoods 
unchanged and compare the losses of the two cohorts in 
the perturbed neighborhood. By this weak definition, 
the condition for stability is the same as the condition 
for staggering to be a Nash equilibrium, and it always 
holds (see fn. 22). Alternatively, we could perturb a 


The Appendix computes the losses of firms 
in the even (larger) and odd (smaller) cohorts, 
ZE and L°. For a=1 and n=10, Figure 3 
shows the (v,p) combinations for which 
LF =L°. Staggering is stable above the 


line.. 


Staggering car. be stable because firms in 
the smaller cohert have' better information. 
A firm setting its price at ¢ observes prices 
set at ¢—1. As described above, these reveal 
6,,-2+7;,-2, Where again 9, is the average 
of ņ over firm / and all neighbors setting 
prices at t —1. A firm in the smaller cohort 
observes more prices set at ¢—1, and there- 
fore T- has a smaller variance. 0,3 + 
Nip? 18 a better estimate of 6,,_>, and so it is 
more useful in disentangling local and ag- 
gregate shocks. For some parameter values, 
this information advantage outweighs the 
disadvantage of changing prices at the same 
time as less than half the firms. 

It is crucial that the neighborhoods are 
small. A firm that observes six neighboring 
prices set at ¢—1 obtains a better estimate 
of @,,_, than a firm that observes four. In 
contrast, if the neighborhoods were large, a 
firm observing prices set by 50 plus percent 
of its neighborhood would learn no more 
than a firm observing 50 minus percent. The 


small but nonnegligible proportion of the neighbor- 
hoods while leaving the others unchanged. With this 
definition, we conjecture that staggering is stable for a 
wider range of parameter values than in the text. 
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FIGURE 4. EQUILIBRIUM vs. OPTIMUM 


Rgs would average to zero for both 
cohorts, and so all firms would ee br- 5 
exactly. 


C. Comparison of Equilibrium 
and al 


' The conditions under which synchroniza- 
tion and staggering are stable equilibria dif- 
fer from the conditions under which they are 
socially optimal: This is shown by Figure 4, 
which summarizes the results in Figures 1-3 
for the neighborhood model. In the re- 
gion between the two lower lines in Fig- 
ure 4, synchronization is an equilibrium even 
though staggering is optimal. In addition, 
between the top and bottom lines, staggering 
is optimal but not a stable equilibrium. 
According to these results, the incentives for 
an individual firm to break from synchroni- 


zation or to join the smaller of two cohorts ~ 


are weaker than the incentives for a social 
planner to choose staggering. Furthermore, 
for parameter values between the two upper 
lines, there is no stable equilibrium. 

The relative positions of the three lines 
in Figure 4 do not appear robust. To take 
an example discussed above, suppose that 
gathering price data is costly. Let c(k) be 
the cost of inferring m,_, from prices set at 
t—1, where k is the proportion of the econ- 
omy in a firm’s cohort. Assume that c’(k) > 
0: the cost of gathering price data rises as a 
firm’s cohort grows and the ¢—1 cohort 


shrinks. To see the implications for the posi- 
tions of the lines, recall that the bottom line 
is determined by comparing Z$. to YY, 
and the middle line by comparing £* to 
ZF. This means that the relation between 
the two lower lines: depends on #4 and 
LR. The cost of gathering prices: under uni- 
form staggering is c(4), while the cost to the 
rebel is c(0), because no other firm belongs 
to the rebel’s cohort. Since c(4). is greater 
than c(0), introducing the cost raises GY 
more.than it raises Z’, One can show that 
this raises the bottom line relative to the 
middle line, and that the two may switch 
positions. By a similar argument, the top. line 
may move below. the others. (The position of 
the top line depends on.c’(), which affects 
the benefit from belonging to the small 
cohort -after a perturbation away from uni- 
form staggering.) i 


VI. Conclusion 


Imperfect information can lead:to stag- 
gered price setting. While fluctuations in rel- 
ative prices are minimized when firms make 
decisions at the same times, a firm gains 
valuable information about demand if it 


We also suspect that changing assumptions about 
the timing of announcements or the stochaszic processes 
followed by shocks could change the relative positions 
of the lines. i 
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waits to see other prices. This information 


gain can lead firms to break from synchroni- — 


zation and can make staggering a stable 
equilibrium. Thus staggered price adjust- 
ment, a crucial foundation of new Keynesian 
macroeconomic models, can arise from ra- 
tional economic behavior. 

Imperfect information can also make 


staggering socially optimal. Staggering leads _ 


to price-level inertia, which exacerbates ag- 
gregate fluctuations. However, by helping 
firms set prices closér to full-information 
levels, staggering creates efficiency gains that 
may outweigh the costs. Policy proposals to 


reduce staggering—-for example, by requir- - 


ing labor unions to sign contracts at the 
same times—-could reduce welfare despite 
lessening inertia. 

The model predicts that staggering is least 
likely when firms are nearly perfectly compeé- 
titive and when idiosyncratic shocks are 
small. If the model is applied to an industry 
rather than the entire economy, these predic- 
tions are borne out by casual observation. In 
the automobile industry, products are fairly 
close substitutes and shocks. are likely to 
-affect all firms equally. The result is the 
synchronized pricing that we see. On the 
other hand, the drugstore on the corner and 


the diner next door produce goods that are - 


poor substitutes, and they are likely to face 
. different shocks. Thus it is not- surprising 
that they change. prices at different times. 
This paper’ has studied a very . specific 
model. - Some. results, notably the relation 
between the. equilibrium. and optimal re- 
gimes, are not likely to be robust. We doubt, 
however, that reasonable changes in the 
model would reverse the conclusion that 


staggering can be both optimal and a stable 


equilibrium if firms possess strong market 
power. or idiosyncratic shocks are large. 

= A natural extension of our analysis is to 
alter the assumption that prices are fixed for 
two periods. If prices are fixed for longer, 
one can show that the incentive for a rebel 
to break from synchronization is greater. 
Thus the region of parameter values for 
which synchronization is an equilibrium is 
smaller. Intuitively, if prices are set for many 
periods, then a rebel setting its price one 
period after other firms is only slightly out of 
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step. The cost in relative, price fluctuations is 
small, while the rebel still gains the informa- 
tion in-.others’ prices. Unfortunately, it is 
very difficult to determine how changing the 
frequency of price adjustment affects the so- 
cially optimal regime and the stability of 
uniform staggering. ! 

Our intuition about the costs and benefits - 
of staggering carries over to continuous time, 
but the model must be modified. In this 
paper, firms have perfect information about 
prices set in the most recent period. In a 
continuous time model, it would be unrealis- 
tic to assume that firms observe and respond 
to others’ prices the instant they are set.” 
Instead, one might assume that firms learn 
about prices slowly, gaining full information 
after a discrete amount of time (for example, 
the time it takes to: visit all neighboring 
stores). This modification of the model would 
complicate the analysis considerably. 


APPENDIX 


This appendix outlines the calculations omitted from 
the text. A more detailed version of the appendix is 
available from the authors. Throughout we consider the 
general model with neighborhood shocks. To obtain 
results for the simple model, set of = 0. 

Projection-Coefficients. Here we present the’ formu- 
las for the projection coefficients i in equations (23)—(25) 





‘and G0}— G1): 
1+ pt + ps 
Al C a= 
(A1) ar D- 
, ere 
A2 ee 
(A ) ae a2 D, 
j 
-. Z -M 
A3 N = 
(A3) a3 D, 
rn res 1+ pt + 
(A4) ae Pi 5 
: D, 
(AS) al! = pial’ 


>For example, given the length of labor contract 
negotiations, one union’s wage can influence another’s 
only if the first union signs ‘its contract significantly 
earlier. 
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(A6) ag = pa] 
(a7) pu Pit (26h) /(n +2) 
l "p, 
Z 
-ø 
A8 BN = 
(A8) r- 
(A9) bY = pbr 
(A10) by = pi by, 
where 


Py = O9 /Oms P2 = g/m, 
2 
Dy = [2(1 + pt) + 63] 0i), 
and D, = (1+2p%.+ Xø +203 /(n+2)— ph. 

The Aggregate Price Level. Here we find the coef- 
ficients in the solutions for the price level under stagger- 
ing and synchronization, (33) and (36). For synchro- 
nization, substitute (33) into (20) to obtain 
(All) x3=m,.,+[e+(l—v)a,]E18_, 


U 
+[v+(1- 0) m | Et 8-2 + 5 Bt Pn—1- 


Using (23)—(25), this becomes 
(A12) x= m3 + (Iè +(1-v)n]a? 


nE 
+[o+Q-o)mlay + al!) a 


+{[o+@-o)m]a¥ 


v 
+[v+(1-v)m]all+ zat). 


Aggregatin (which eliminates the local components of 
zi. and 25") and matching coefficients with (33) yields 
the solutions for m, and m in the text. 

For staggering, substitute (34) and (35) into (27): 


(1—v)(1-Ay)’ 
(A13) ay A e, 


1—v)(1—Ag +t2À; + AgA 
1 [oe A IA) 


(1—v)(2+A9)(1— Ag À) 
+ ea ee 


” i 
+ 5 E-ibn-i: 
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Using (30)-(31), this leads to 


l-v)(i-A,y 
(A14) sya ETOT) aR = 


fos =o 


4 
V 
oya ay hat 


afe tatii 


D 
xay Sth at 


Aggregating and matching coefficients with (35) yields 
the solutions for A, and A, in the text. . 
Computation of LS and £Y. This section com- 
putes a firm’s loss under synchronization, ¥°, and its 
loss under staggering, £4, to determine the optimal 
regime. To compute XS, recall that the coefficients on 
§,_, and &_, in (A12) must equal m, and m. Thus, . 
(A12) can be rewritten as s 


(A15) xġ=m 3+ m2! + (m — m) 
= pp +m (r-i t 94-2 + niami) 


+ (mm — m )(br-2 + nu-2)- 
Combining (A15) with (33) and (6) yields (x$ — p*) 


and (x$ — p*,,) as functions of 8, 8, and y. Squaring 
these expressions and taking expectations yields 


(A16) 25 =v? [21 mn} +21- m) +3] 02 
+ [30 +m -oy +2? +20} of 


+2[ v2 +(m- my + m2] o. 


. 


To compute £Y, recall that the coefficients in (A14) 
must be consistent with the coefficients in (35). This 
leads to 


(A17) xp = xr + A (Oni + Op -2 + Miri) 


+ ( bib) Ay (Orra + Riar- 
Using (35), x¥ can be rewritten as 


(1- Ag )m,1- (1 Ag - Ay) ô: 


(A18) x” = ONB T, 
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where B is the lag operator. Substituting (A18) into 
(A17) and combining the result with (6) and (36) leads, 
after considerable algebra, to (x¥— p*) and (x¥- 


pit,1) as functions of the shocks. Squaring and taking 


expectations yields 
(Al9) 24 = [pe + By + By 


„ Boro +B,)’ + (Bado + Bs) 
l1- A 


+ [308 +8 + (A. 0)? +208 (14 aa) 09 
7 2 
+2) ob +x +( ECZANE 


where 


A (v +1)-20 (1—v)(1—Ag—A,) 
. oe eee 
A (v—1)-20, (14 v) (y+ Aq—1) 


The Rebel. This section computes the rebel’s price, 
x%, and its projection formulas and uses these to find 
the rebel’s loss, E. Combining equations (8), (27), 
(37), and (38) leads to 





l-v 
(A20) xi = My +> 
x [(m —1) 8,2 + (m —1)&-3] 
~p i U j 
tiot z 72 E181 + 5 E-ibn-i 


As explained in the text, the rebel knows, m,_. and, 
like a firm in the staggered regime, uses zy and zl’ to 
estimate 5, and @,,_;. But the variance of Ñz is 
now o7/n. The rebel’s projection equations are 


(A21) f Ej ic zy + c¥2N 
and 
(A22) Ei r-i = ezg +ezy, 


where the ¢™’s are formed from the b™’s defined above 
by replacing (n /2)+1 with n. 

Substituting (A21) and (A22) into (A20) and combin- 
ing the result with (6), (37), and (38) leads to (x — p*) 
and (x — p*,,). Squaring and taking expectations 
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yields the rebel’s loss 

(A23) -73 7 [ 20? +2a? +205 +4 af + (a0 

+ (a9 — a4 | Op 


+ [30 + (ag ~v) + 0% +2(a + as)’ og 


2 
Os. 

vag + |e 
n, 


n’ 


where 


l-v 





Qs = (m —1), a= 0+ (1-0) m, 


a,=ut(l—0)m, a = ag~ a, 
=AcN, and a= [i+ 


Is Uniform Staggering Stable? This section studies 
the neighborhood model when an arbitrary proportion 
of each neighborhood, k, belongs to the even cohort. 
We use the results to determine when uniform stagger- 
ing is a stable equilibrium. , 

Let pë be the price level at an even 1, and let pô., 
be the price level at r +1 (odd). From the definition of 
the aggregate price level, 


(A24) pE=kxF+(1—k)x?2.,; and 


| Pee (Lk) xe + bee. 


Combining (A24) with (6) and (8) yields price-setting 
rules for firms in the even and odd cohorts 


A : v : : 
(A25) xi “VEJ m, + 5 Er- r- 
l—v | l 
A [(1—'k) Elix +2kE_ xf 
+= k) x24] 
and | 
(A26) Xj,4.1. = VE;m, + Pe 


ween 


U : i 
+ [kE}xE, 9 +2(1~ k) BaP, + kaë]. 
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Firms in both the even and odd.cohorts use z7 and 
zi’ to estimate &_; and 6;,_,. However, the projection 
equations for the two cohorts differ because i.n has 
different variances: Var(%,,.) = 0, / [(1—k)n +1] for 
the even cohort and Var(7,,..) =07/(kn +1) for the 
odd cohort. The estimates of firms in the even cohort 
are given by (30) and (31) with the b”’s replaced by 
b*’s, which are formed by replacing (n/2)+1 with 
(1—k)n+1 in (A7)-(A10). The estimates for the odd 
cohort are given by the estimates for the even cohort 
with k replaced by 1—k. 

The price-setting rules (A21) and (A22) imply solu- 
tions for xë and x?,, of the form 


(A27) 

xP = Nexo + Mem, _y + (a -A5 — Am2 
and | 
(A28) x2, =M xE +m, + (1 — 3 12) my. 


To solve for the A’s, first use the projection equations to 
find the expectation of (A27). Use this result, and the 
projection equations again, to find the expectation of 
(A28). Substitute the two results into (A25), aggregate, 
and set the coefficients on x?., and m,_, equal to AŽ 
and AË. Symmetry yields similar expressions for À and 
9. Finally, combining these four expressions yields 


(yu +k—vk) 
k(i—v) 


yo +k ~vk)’—[(v + k- vk) (t= k)k(1-v)]/0 = & + vk) 


k(1~v) i 


(A29) a$- 


and 
(A30) 


a Eleto) (= v)A—k)(1=%8)] 
f 2— bF(1—v)(2k + (1— k) 9) 


The solutions for AZ and A? are obtained by replacing 
k with 1— k in (A29) and (A30). 


By reasoning analogous to the derivation of (A17),. 


we can write xË as 
(A31) xg = xP +A (Op -1 + Oy —2 + Mir—1) 


+ ( b£/bF) Ai (Orna + Hie—2)- 


Combining this with (6).and (A24) leads to (xë — p*) 
and (xf -— p*,,). Squaring and taking expectations 
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yields the loss of a firm in the even cohort: 
(A32) YF = (ar +73 + ¥ 


ve +8 + (HB +») + (AHN +5) 2 
es ee re Gin 
1- (A88) 


+ (08+ v) OEY 


Ra 
pE 
spalis al ja 
1 


E12 
+2 v2 + (AF) + OPE “a a2 
| (l—k)n+1 bf i 


where 
Yo = (l-k + ok) AE- v, 
EEE E 
n= (1—)(1~ k)93(1- 0G - AY], 
w= —[vt(-v)Q-k) ag], 
Y= % (1—v)(1-k)(1- X +A), 
and 
Ys = — (1— v)(1— &)(1— 9 — AEN) + oag. 


To find the loss of a firm in the odd cohort, replace 
(1— k) with k, replace the b*’s with the corresponding 
coefficients for the odd cohort, and switch all A£ ’s and 
X?’s. As explained in the text, uniform staggering is 
stable if E> LO when (n/2)+1 firms in each 
neighborhood belong to the even cohort (that is, when 
k=1+(L/n)). 
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The Marginal Efficiency Cost of Redistribution 


By CHARLES L. BALLARD* 


The efficiency effects of redistributive policies are analyzed using a computational 
general equilibrium model. For parameter values considered most reasonable, a 
tax-financed universal cash grant generates losses for the higher-income groups 
that exceed the gains of the lower-income groups by from 50 to 130 percent. These 
- efficiency costs are substantially below those calculated by other authors. The 
marginal efficiency cost of redistribution through wage subsidies is near zero, and 


can be negative. 


Economists .have long recognized that 
there may be a tradeoff between equality and 
efficiency, If transfers and subsidies are used 
to improve the economic condition of the 
poor population by one dollar, the distor- 
tions may be such that the cost to other 
members of society is more than one dollar. 
The excess loss is called the marginal ef- 
ficiency cost of redistribution (MECR). The 
size of the MECR is critically important to 
our evaluation of programs designed to re- 
duce poverty and inequality. - 

In this paper, I present a simple computa- 
tional general equilibrium (CGE) model, with 
which I evaluate the MECR of various redis- 
tributive programs under a variety of as- 
sumptions about tax rates and other parame- 
ter values. The emphasis in this static model 
is on the effects of taxes and transfers on 
labor supply. Two main categories of redis- 
tributive policy change are considered here. 
The first type involves increases in the cash 


*Department of Economics, Michigan State Univer- 
sity, East Lansing, Michigan 48824. I am grateful to 
Edgar Browning, John Goddeeris, Roger Gordon, Larry 
Goulder; Yolanda Henderson, Harry Holzer, Bill 
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nars at the NBER Summer Institute and at Michigan 
State University, and four anonymous referees for help- 
ful comments. I am grateful to the National Science 
Foundation under grant no. SES-8520283 for financial 
support. I alone am responsible for any errors. I thank 
Maxine Schafer and Terie Snyder for their fine work in 
preparing the manuscript, and Charles Chesbrough, 
Edward Guzzo, Nader Habibi, and Steven Medema for 
fine research assistance. 
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transfers; the second involves increases in 
net wages for the low-income population, 
which I will refer to as wage subsidies. In 
every case, tax rates are increased in order to 
finance the redistributive program. 

For the combinations of parameter values 
that I consider most reasonable, a universal 
cash grant program financed with taxes on 
all consumer groups involves marginal ef- 
ficiency costs in the range of 50¢ to $1.30 per 
dollar of redistribution. In other words, 
when the lower-income groups are made 
better off by a dollar, the higher-income 
groups are made worse off by $1.50 to $2.30. 
These welfare costs are substantial, but they 
fall well below those reported by Edgar 
Browning and William Johnson (1984), even 
though the elasticity and tax rate parameters 
used are very similar. 

The MECRs for wage subsidy schemes 
tend to be close to zero and are often nega- 
tive. I also calculate “social welfare” for 
additive social welfare functions. A parame- — 
ter of the social welfare function determines 
the degree of society’s aversion to inequality. 
J find that, even when the MECRs are high, 
social preferences do not need to be any- 
where near to Rawlsian for society to prefer 
any of these redistributive policy changes. 


‘Other authors have studied wage taxes, wage subsid- 
ies, etc., in a variety of types of models, and similar 
conclusions have been reached in many cases. Among 
the works in this literature are Alan Blinder, 1974; 
Séren Blomquist, 1981, 1984; Edgar Browning, 1973; 
Jonathan Kesselman, 1976a, 1977; Peter Wagstaff, 1975; 
and Richard Zeckhauser, 1971. 
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I. Model and Methodology 


The model includes 384 consumer groups, 
which are divided into 10 household types. 
The data will be described in the next sec- 
tion. For now, it should be said that most of 
the household types have only a single earner, 
` but one of the types is married couples where 
both spouses work. In the two-earner case, it 
is necessary to have a different utility struc- 
ture from that of the one-earner case. In 
describing the specification of the utility 
functions and welfare evaluations, I will pre- 
sent the equation that applies to the one- 
earner households. Generalization to the 
two-earner households is straightforward. 

Each one-earner household maximizes a 
constant elasticity of substitution (CES) util- 
ity function defined over leisure, /, and con- 
sumption of goods, X. Thus, each house- 
hold’s utility function takes the form 


O U 


4 pr/epe-D/e] ae, 


where e is the elasticity of substitution and B 
is a weighting parameter. For simplicity, I 
have ‘suppressed the subscript that would 
indicate which consumer is being considered. 

The budget constraint states that the net- 
of-tax value of the household’s endowments 
of capital and labor, plus transfers received, 
should equal expenditure on goods and 
leisure. Thus, for the one-earner households, 


(2) PE+P,K(1-1%)+TR=PJ+ PX, 


where P, is the price of leisure or the net 
wage, P, is the gross price of capital services, 
Tg is the capital tax rate, E is the consumer’s 
leisure endowment, TR is transfers received, 
and P is the price of consumption goods. P, 
is the gross wage, P,, less the tax on. labor 
income at the rate of q. Note that the 
consumer has an endowment of only one 
type of labor. The paper abstracts from is- 
sues of occupational -heterogencity. 
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Constrained maximization leads to the de- 
mand functions 


(1-8) 

(3) X=- pa 
BI 
(4) I= Da 


where Z is the net value of endowments plus 
transfers, and 


(5) A=(1—B)P-*+ BPL. 


The choices of the utility function parame- 
ters are discussed in the ‘next section. There 
is only one production sector in this model. 
Technology is described by a CES produc- 
tion function, which takes the form 


(6) xX=¢[aLe-»/ 


+(1— g) Kd] eTR 


where X is output, L and K are the inputs 
of labor services and capital services, o is 
the elasticity of substitution in production, a 
is a weighting parameter, and @ is a scale 
parameter. The production sector minimizes 
the cost of producing the output that is 
demanded. The choices.of the production 
function parameters are discussed in the next 
section. 

The government in this model collects 
taxes on the labor incomes and capital in- 
comes of all consumer groups.* The reve- 
nues are used to make transfer payments 
and exhaustive expenditures. The transfer 
payments enter the consumer’s budget con- 
straint, and thus can be “spent” either on 
goods or on leisure. In the case. of exhaustive 
expenditures, the government merely pur- 
chases and consumes some of the output of 
the production sector. In this model, exhaus- 
tive government expenditure and private 


*In a static model such as this, capital taxes are 
nondistortionary. I include them only in order to give 
slightly more realism to the parameterizations. 
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consumption are “ordinary independents” 
(in the words of David Wildasin, 1984). - 

The analysis proceeds in the following 
manner. Once the data are collected, a set of 
tax and elasticity parameters is chosen. The 
utility and production function parameters 
are then chosen using the technique of 
“calibration,” which will be discussed in the 
next section. When the model has been 
calibrated, a “base case” simulation is run, 
and information on base case prices and 
quantities is saved. Next, a series of “revised 
case” simulations is performed using the 
same utility and production function param- 
eters but different configurations of tax, 
government spending, and transfer parame- 
ters. I use a modified version.of the tatonne- 
ment algorithm suggested by Larry Kimbell 
and Glenn Harrison (1984) to solve for equi- 
librium. Finally, welfare comparisons are 
made by comparing revised case prices and 
quantities with base case prices and quanti- 
ties. ae | 

The welfare numbers reported in Section 
HI are based on equivalent variations. The 
equivalent variation is preferred to the com- 
pensating variation when we desire to com- 
pare several different policy changes, since 
the equivalent variation uses the same set of 
prices for every evaluation. The compensat- 
ing variation, on the other hand, is measured 
in terms of the new prices that will be dif- 
ferent for each new simulated equilibrium. 
However, since the changes between the base 
case and the revised case in this paper are 
small, the compensating and equivalent vari- 
ations are very close to each other. For. ex- 
ample, for my central. case simulation of a 
universal cash grant plan, reported in Sec- 
tion. III, the MECR based on the compensat- 
ing variation is 80.111¢, while the MECR 
based on the equivalent variation is 80.114¢. 

In order to ‘allow for fair comparisons 
across different types of policy changes, it is 


3More details on the welfare evaluation procedures 
can be found in an appendix, available upon request 
from the author. In addition, the author can provide 
more details on the construction of the data set and on 
calibration procedures, as well as.on a wide range of 
sensitivity analyses beyond those reported here. 
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necessary to hold constant: the amount of 
marginal tax increase. In virtually all of the 
simulations in this paper, I raise tax rates by 
one-tenth of one percentage point. In this 
way, I control for the budgetary size of the 
marginal policy change. I also perform some 
sensitivity analysis with respect to the size of 
the marginal tax increase. Larger marginal 
changes lead to slightly larger welfare costs. 

I evaluate several types of redistributive 
policy changes. The first of these is one 
under which the cash grant is increased for 
all groups, and the marginal tax rate is also 
increased for all groups. I call this a univer- 
sal tax-financed cash grant. J consider two 
types of universal cash grant. In the first, the 
increase in the cash grants is assumed to be 
the same for every person. This type of policy 
has been called a “demogrant.” The second 
case involves increased cash grants that are 
the same for every household.* The results 
from these policy changes differ because the 
number of persons per household is not con- 
stant across income classes. It should be 
noted that neither of these sets of additional 
transfer payments is proportional to the ex- 
isting transfer payment system. The existing 
system consists of many different. programs, 
each with its own eligibility requirements. 
Most actual cash grant transfer programs 
fall between the two extremes of equal-per- 
capita and equal-per-household grants. Thus, 
the two formats may be seen as representing 
convenient upper and lower bounds for the 
marginal efficiency costs of universal cash 
grant programs. 

I also consider a “notch” cash grant pro- 
gram, under which cash grants are increased 
only for the lowest-income groups, and taxes 
are increased only for the highest-income 
groups. (I allocate the transfers on an equal 
per person basis.) In practice, a notch could 
have severe adverse efficiency effects. I do 
not directly assess the efficiency cost of the 
program with the notch, since for any given 


*Note that I consider household structure to be 
exogenous. This assumption may impart a downward 
bias to my calculations of the welfare cost of equal-per- 
household cash grants, since such grants may actually 
induce some reorganization of households. 
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consumer I maintain a linear budget con- 
straint. Nevertheless, the results are interest- 
ing because they indicate that the notch 
program may be more efficient than the uni- 
versal cash grant program, if the notch can 
be placed in an area of the income distribu- 
tion where its negative effects are minimized. 

Another policy considered here is a “wage 
subsidy,” which is modeled as an increase in 
the- net-of-tax wage rate for some of the 
low-income groups. This can be financed in 
a number of ways, but I most often consider 
increases in the marginal income tax rates 
for all consumer groups. I consider a variety 
of wage subsidy plans. In some cases, the 
subsidy applies to all workers in the lowest 
income strata. In other cases, it does not 
apply to the primary earner in two-earner 
households. Since a wage subsidy is of little 
use to a household with no earnings poten- 
tial, I also consider wage subsidy plans which 
are supplemented with cash grants for the 
nonworking groups. 

The stylized policy proposals consdencd 


here are considerably less complex than most 


proposals debated before Congress. How- 
ever, most “real world” proposals share some 
of the characteristics of the proposals in this 


paper. Any policy proposed that involves - 


increasing the net-of-tax wage rates of low- 
income workers will have some of the 
favorable efficiency effects of the simple 
“wage subsidy” that I simulate here. This 
will be true regardless of the name given to 
the real world policy proposal. For example, 
an important element of the early negative 
income tax proposals was a reduction in the 
implicit marginal tax rate faced by welfare 
recipients. My simulations suggest that this 
type of proposal would have relatively good 
efficiency properties. The same may be true 
of public employment projects where workers 
are paid at rates exceeding their market 
wages, although the exact value of these 
projects would depend on the type of output 
that is produced. 


IJ. Data, Parameter Selection, and Model 
Specification 


The simulations reported in this paper em- 
ploy a data set consisting of 384 household 
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groups. These groups represent the United 


States population: for 1979. The data are 


taken from the 1980 Census of Population - 


(U.S. Department of Commerce, 1984) and 
from Current Population Reports (U.S. De- 
partment of Commerce, 1981, 1983). The 
population is disaggregated along three di- 
mensions. First, there are ten different 
household types, which are distinguished 
according to marital status, gender of head, 
and labor force status. Second, there are 
eight income classes. Third, the household / 
income cells are further broken down by 
number of persons per household. The clas- 
sifications by household type and by income 
stratum are shown in Table 1, along with 
some other information for these groups. 
The complete data set contains information 


on the incomes from labor, capital, and | 


transfers for each household group. 

The choice of labor: tax rates is com- 
plicated by the fact that individual income 
tax rates have decreased in recent years, so 
that no single simulation can be fully appli- 
cable to all of the recent experience in the 
United States. The appropriate tax rate for 
the simulations would include the combined 
effects of payroll taxes as well as income 
taxes, both at the.state and federal level. For 
the central case, I choose 40 percent as the 
marginal labor tax rate, and 40 percent as 
the capital tax rate. As a stylized starting 
point, it is assumed that these rates apply to 
all consumer groups. For sensitivity analysis, 
I also consider ‘the cases where different as- 
sumed levels of initial government purchases 
or transfers lead to labor tax rates varying 
from as low as 30 percent to as high as 60 
percent (for all consumers). In addition, I 
consider initial capital tax rates ranging from 
zero up to 60 percent. Differences in the 
initial labor tax rates have a substantial ef- 
fect on the marginal welfare costs. Dif- 


ferences in the initial capital tax rates have 


very little effect on the results, since capital 
taxes have no first-order distortionary effect 
in this model. I also provide sensitivity anal- 
ysis with respect to the assumption that all 
groups face the same tax rates. I investigate 
cases in which the marginal labor tax rate 
faced by the lowest-income groups ranges 
from 25 percent to 60 percent. 
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TABLE 1— CLASSIFICATION OF HOUSEHOLD TYPES AND INCOME LEVELS IN 
THE 1979 Data SET, ALONG WITH OTHER DATA 
Average 
Percentage Number of 
of all Persons Per 
Household Type . Households Household 
1. Married Couples, Both Work - 29.99 percent 3.06 
2. Married Couples, Husband Works 30.89 2.93 
3. Male-Headed Families, No Wife Present 2.48 2.38 
4. Female-Headed Families, No Husband 
= Present, Woman Works 7 6.13 2.70 
5. Female-Headed Families, No Husband 
Present, Woman Does Not Work 4.07 251 
6. Male Householders Living Alone 8.79 1.00 
7. Female Householders Living Aone; 
_ Woman Works 6.80 1.00 
8. Female Householders Living Ai, 
Woman Does Not Work 7.03 1.00 
9. Male-Headed Households with Two or 
More Persons 2.32 2.31 
10. Female-Headed Households with Two or 
More Persons 1.50 2.31 
Average 
Percentage Number of Average 
. ; of All Persons per. Income per 
Income Class (in 1979 Dollars) Households Household Household 
1. $0-4,999 13.46 - 1.76 $3,481 
2. $5,000-—9,999 16.05 2.08 8,440 
3. $10,000-14,999 15.40 2:35 13,396 
4. $15,000-~19,999 © 1411. 2.61 17,694 
5. $20,000-24,999 i 12.37 2.79 22,238 | 
6. $25,000-34,999 | 15.58 2.88 28,869 
7. $35,000-49,999 ` 8.52 2.84 40,548 
8. $50,000 and over -4.52 2.80 73,069 


Sources: United States D aaa of Commerce, Bureau of the Cerisus (1981, 1983, 


1984). 


The labor supply elasticities for the vari- 
ous consumer groups are very important for 
the results of the model. Extensive reviews of 
the econometric literature on labor supply 
estimation can be found in James Heckman, 
Mark Killingsworth, and Thomas MaCurdy 
(1981) and in Kiullingsworth (1983). The 
studies emanating from the four negative 
income tax experiments are reviewed by 
Michael Keeley (1981) and Gary Burtless 
(1987). The various strands of the literature 
seem to agree that the labor supply re- 
sponses of males are rather inelastic (and 
often slightly backward-bending), and that 
female labor supply is positively elastic. Un- 
fortunately, there is wide variation in the 


magnitudes of the estimates of female labor 
supply responses. I consider a wide variety 
of combinations of labor supply elasticities. 
The one case on which I focus the most has 


an uncompensated elasticity of 1.0 for 


women, —0.05 for men, and 0.20 for mar- 
ried couples. These give a weighted average 
elasticity of about 0.16 for the economy. The 
weighted average of the compensated elastic- 
ities is about 0.36. Extensive sensitivity anal- 
ysis is provided. 

For the elasticity of substitution in pro- 
duction, I refer the reader to Ernst Berndt 
(1976) or Daniel Hamermesh (1986). In my 
simulations, I use an elasticity of 0.8 most 
often, but I also consider elasticities from 0.6 
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to 20.0, providing an extremely wide range 
of sensitivity analysis. 

Once values have been iaid. for these 
key elasticity parameters, we can solve for 
the utility function and production func- 
tion parameters that are consistent with the 
data. This procedure of “calibrating” certain 
parameter values is used widely with CGE 
models. In brief, e (the consumer’s elasticity 


.- parameter) is calibrated by using the as- 


sumed labor supply elasticity and manipulat- 
ing the leisure demand equation. Once we 
have solved for e, the consumer’s first-order 
conditions are used to solve for £, the 
leisure-weight parameter. Given a value of g, 
the elasticity of substitution in production, 
and the first-order conditions for cost mini- 
mization, we can solve for a, the production 
function weight parameter. Once a is known, 


the zero-profit condition is used to solve for 


, the scale parameter. 
IU. Simulation Results _ 


We begin with the case in which each of 


the household groups has the same labor’ 


supply elasticity, even though this is clearly 
not the most realistic assumption. The first 
set of simulations involves initial factor tax 
rates of 40 percent, an uncompensated labor 


supply elasticity of 0.15 for all groups, and a ' 


compensated elasticity of 0.35 for all groups. 
To calculate the MECR under a universal 
cash grant plan, we increase the transfers 
and tax rates facing all groups. The extra 
transfers are allocated equally on a per capita 
basis. The MECR of such a plan is 71.8¢. 
The MECR for a cash grant plan with a 
notch is 14.3¢.° 

An intuitive understanding: of the wide 
difference between the MECRs for these two 
plans can be gained if we imagine that a 


`For purposes of comparison, the marginal welfare 
cost (MWC) of additional government exhaustive ex- 
penditure is 10.3¢ when these same parameters are used. 
For the various parameter combinations considered 
here, the MWC is between 5¢ and 30¢, per dollar of 
additional exhaustive expenditure. See Ballard (1987c) 


for a comparison of MWC and MECR calculations. See ` 


also Ballard (1987a) and Ingemar Hansson and Charles 
Stuart (1987). 
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tracking device could be attached to every 
dollar as it flows into and out of the Treasury. 
To the extent that some dollars are taxed 
away from the high-income groups to fi- 
nance transfers for the low-income groups, 
there is an element of pure redistribution. 
This is indeed what occurs in the case of the 
notch program. However, under the univer- 
sal tax-financed cash grant, some of the taxes 
raised from each group could be viewed as 
being paid back to the same group. This is 
pure waste. When a dollar is raised from an 
individual with distortionary taxes and paid 
back to the same individual in a lump sum, 
there is a welfare loss because of the sub- 
stitution effect. Finally at least some of the 
dollars raised in taxes from the poor under 
the universal cash grant could be viewed as 
being paid to the rich. This obviously 1s not 
an efficient way to redistribute from rich to 
poor. 

It is interesting that the difference between 


the MECRs for the notch cash grant and the 


universal cash grant is so large. This suggests 
that, even in a model in which the efficiency 
effects of the notch were recognized ex- 
plicitly, the notch plan still might be a super- 
ior means of redistribution. In fact, the 
notches that we observe in some transfer 


' payment programs in the United States are 


at income levels that may affect very large 


= numbers of people, so that the welfare ef- 
. fects may be very great. Nevertheless we 


cannot rule out the possibility that the notch 
program would be superior. Explicit consid- 
eration of the welfare effects of the notches - 
would: be ‘an interesting extension for future 
work. For a recent discussion of notches and 
their effects, see Blinder and Harvey Rosen 
(1985). ` 

Finally, let us consider the MECR ee a 
wage subsidy plan, when the poorest two 
income classes are the recipients.of the wage 
subsidies. Here, the MECR is:1.2¢, or about 
2 percent of the MECR for the universal 
tax-financed cash grant. Why is the MECR 
for the wage subsidy so close to zero? When 
a wage subsidy is applied to: low-income 
groups, it offsets the positive marginal tax 
rates that they already face. However; in 
order to pay for the wage subsidy, higher 
taxes must be assessed. (In these simulations, 
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FIGURE 1. MARGINAL EFFICIENCY COST OF REDISTRIBUTION AS A FUNCTION 
OF THE UNCOMPENSATED LABOR SUPPLY ELASTICITY. ALL GROUPS HAVE THE 
SAME ELASTICITIES IN EACH CASE 


the extra taxes are collected from all groups.) 
Thus, the wage subsidy reduces one distor- 
tion and increases another. When all groups 
are assumed to have the same labor supply 
elasticity and the same inital tax rate, these 
changes will be virtually identical. The gain 
from reducing one tax rate to slightly below 
40 percent is nearly as great as the loss from 
increasing one tax rate to slightly above 40 
percent. 

In Figure 1, I show the sensitivity of these 
results to changes in the assumed uncom- 
pensated labor supply elasticity. Clearly, the 
results depend importantly on the labor 
supply elasticity. The greater one believes 
the elasticity to be, the worse cash grants 
will be when compared with the wage sub- 
sidy. Even with an elasticity of 0.5 (which I 
consider quite high), the MECR is still only 


3.6¢ per dollar of redistribution for the wage 
subsidy, whereas it is $2.32 for a universal 
cash grant. 

The assumption that all groups have the 
same elasticity was convenient for exposi- 
tional purposes, but it was clearly unrealis- 
tic. I now develop my “central case” as- 
sumptions, in which different groups are 
characterized by different labor supply elas- 
ticities. I assume that the households in which 
the only earner is male have an uncom- 
pensated elasticity of --0.05. The female- 
headed households have an uncompensated 
elasticity of 1.0. Married couple households 
have a weighted average elasticity of 0.20, 
with the wife’s own-wage elasticity equaling 
1.0. These values yield an overall weighted 
average for the entire economy of 0.161. I 
assume that the total income elasticity of 


1026 


THE AMERICAN ECONOMIC REVIEW 


DECEMBER 1988 


TABLE 2— MARGINAL EFFICIENCY COST OF REDISTRIBUTION AND MARGINAL WELFARE COST AS A 
FUNCTION OF LABOR SUPPLY ELASTICITIES IN THE ECONOMY. 
(FOR EVERY GROUP, TOTAL INCOME ELASTICITIES ARE 0.2) 


Elasticity 
l for 
Men’s Married ` Women’s 
Case Elasticity Couples Elasticity 
1 — 0.10 0.10 0.75 
2 —0.05 0.20 1.00 
(Central Case) 
3 0.00 0.30 125 
4 0.05 0.40 1.50 
aS 0.10 0.50 1.75 


labor supply is —0.2 for every group, so. that 
the weighted average compensated elasticity 
is 0.361. Once, again, the factor tax rates are 
set to 40 percent. 

The results for this central case set of 
elasticities are similar to those reported 
above. The MECR for a notch cash grant is 
in the same vicinity as before. If the recipi- 
ents of transfers under the notch are the 
bottom-income class only, the MECR is 
14.3¢. If the bottom two classes both receive 
transfers, the MECR is 17.7¢. The MECR 
for the universal tax-financed cash grant is 
also in a similar range as before. It takes on 
a value of 80.1¢ when the transfers are allo- 
cated on a per capita basis. If the transfers 
are allocated on a per household basis, the 
MECR is 70.0¢. The efficiency cost of the 
per household transfers is less because the 
poorer income classes have fewer persons 
per household. Consequently, when transfers 
are allocated equally to every household, they 
are more precisely targeted. 

The wage subsidy MECRs are slight- 
ly lower than before. This is because the cen- 
tral case assumptions on elasticities involve 
slightly higher labor supply elasticities for 
the lower-income classes. Thus, the distor- 
tion being relieved is greater than the distor- 
tion being aggravated. If the two lowest- 
income classes are the recipients of the wage 
subsidy, the MECR is —8.0¢. 

The wage subsidy discussed thus far has 
involved subsidies for all low-income work- 
ers. If the subsidy were not made available 


Weighted 

Average MECR 

Elasticity Universal Notch 
for the Tax-Financed Cash Wage 

Economy Cash Grant Grant Subsidy 
0.070 51.9¢ 10.5¢ —6.6¢ 
0.161 80.1 17.7 — 8.0 
0.253 114.4 25.3 —9.4 
0.344 155.6 33:3 —10.7 
0.435 203.0 45.9 —12.0 


to household heads in two-earner house- 
holds, the efficiency should improve, since 
then the subsidies would be concentrated on 
secondary earners, who are assumed to have 
more responsive labor supply. As expected, 
this plan-is more efficient (although only 
slightly so), with an MECR of —9.2¢. 

In Figure 1, I varied the uncompensated 
labor supply elasticity under the assumption 
that all groups had the same elasticity. In 
Table 2, I present some sensitivity analysis 
with respect to the uncompensated elastici- 
ties, under assumptions like those of my 
central case. The results are similar to those 
of Figure 1, with a fairly substantial increase 
in welfare costs as the assumed elasticities 
rise. 
For the cash grant programs, the MECRs 
depend on both compensated and uncom- 
pensated elasticities. For any given uncom- 
pensated elasticity, the MECRs increase as 
the compensated elasticities increase. As the 
assumed compensated elasticity (and there- 
fore the income effect) rises, this means that 
cash grants will cause a greater reduction in 
labor supply. Thus, fewer labor taxes will be 
collected, and a further increase in tax rates 
will be necessary in order to balance the 
government’s budget. In the central case, 
with a total income elasticity of —0.2, the 
MECR was 80.1¢ for a universal cash grant 
and 17.7¢ for the notch cash grant program 
under which the two lowest-income classes 
receive extra transfers. If we reduce the total 
income elasticity to —0.1 (holding constant 
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the uncompensated elasticity), these MECRs_ | 


decrease to 58.4¢ and 14.5¢. If we increase 
the total income elasticity to —0.3, the 
MECRs rise to $1.02 and 20.6¢. The wage 
subsidy results are essentially unaltered by 
these parameter changes. | 

Thus far, every simulation reported has 
been associated with a base case in which 40 


percent of GNP are devoted to government — 


spending. If we assume a higher amount of 
base case spending, we must also assume a 
higher base case marginal tax rate. Figure 2 
shows that the MECRs for cash grants rise 
as the initial tax rate rises. However, the 
MECRs for wage subsidies decrease when 
the inital tax rates rise. We have already seen 
that the wage subsidy MECR is negative 
when the distortion being relaxed is greater 
than the distortion being exacerbated. This 
effect grows when the inital tax rate on all 
groups increases. In Figure 2, higher tax 
rates are brought on by higher exhaustive 
expenditures. A very similar pattern of re- 
sults occurs when higher transfer payments 
are the reason for the higher tax rates. _ 

Until now, it has been assumed that the 
initial marginal tax rates facing all groups 
are the same. As a first approximation, this 
may not be a bad assumption. In order to 
generalize the treatment, however, I will now 
consider several different base case situa- 
tions. The level of government spending will 
be the same in each of these as in my “central 
case.” However, instead of labor tax rates of 
40 percent on all consumer groups, I con- 
sider tax rates on the poorest two classes 
ranging from 25 percent to 60 percent. The 
initial tax rate on the higher-income groups 
must then be adjusted.°® 

The results are shown in Figure 3. When 
the initial tax rate on the poorest two classes 
is lower than that on the higher-income 
groups, the MECR for a wage subsidy is 
positive (although it is never as great as the 
MECR for the cash grant programs). When 


*Since the bulk of the taxes are paid by the higher- 
income groups in any event, the adjustments in their tax 
rates are small. For example, when the poorer groups’ 
tax rate is 25 percent, the rich groups have a rate of 
approximately 40.652 percent. 
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Welfare Costs (In Dollars) 


MECR: Universal 
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Wage Subsidy 
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Initial Labor Tax Rate 


FIGURE 2. MARGINAL EFFICIENCY COST OF 
REDISTRIBUTION AS A FUNCTION OF INITIAL TAX 
RATE. CENTRAL CASE LABOR SUPPLY ELASTICITIES 
ARE USED 


the poor face a tax rate of 25 percent, the 
MECR for the wage subsidy is 2.3¢, When 
the poor face higher marginal tax rates than 
the rich, the MECR is negative, that is, 
overall efficiency is improved by the transfer. 
The most dramatic results come when I as- 
sume initial tax rates of 60 percent on the 
two poorest classes. Here, with our central 
case labor supply elasticities, the MECR is 
— 30.7¢. In other words, we have here a case 
in which improving the welfare of the “poor” 
by one dollar costs the “rich” less than 70¢. 
Throughout this paper, wage subsidies ap- 
pear as the most efficient means of redistri- 
bution. The case is strongest when we be- 
lieve that the existing marginal tax rates on 
the poor are high, and/or when we believe 
that the labor supply elasticities are high. 

I have performed some tests of the sensi- 
tivity of the model with respect to changes in 
the distribution of endowments. The MECRs 
are little affected by changes in the distribu- 
tion of capital in this model. The distribu- 
tion of labor endowments does make some 
difference, however. If labor endowments are 
assumed to be distributed more equally, the 
MECRs increase. Consequently, we might 
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Welfare Costs (In Dollars) 
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“FIGURE 3. MARGINAL EFFICIENCY COST OF REDISTRIBUTION AS A FUNCTION 
OF INITIAL TAK RATE ON LOW-INCOME CONSUMERS. CENTRAL CASE LABOR 
SUPPLY ELASTICITIES ARE USED 


expect the MECR to be lower for nations 
that start with a- very unequal distribution of 
income, such as many of the less-developed 
countries. 

We can also consider another way of look- 
ing at the marginal efficiency costs. Nicholas 
Stern (1976) discusses the use of social 
welfare functions in assessing income distri- 
bution. He uses an additive social welfare 
function that depends upon the utilities of 
the individual members of society in an iso- 
elastic fashion. One way to write such a 
function is 


7) Ipe 
( i 


If the parameter p in equation (7)-is zero, 
then we have .a, Benthamite social welfare 
function: we simply add up the individual 


utilities without assigning any higher weight 


to lower-income individuals. If p is positive, 
the social welfare function becomes concave, 
and we place greater weight on the utilities 
of the poor. In the extreme case of an in- 
finite p, we have a Rawlsian (or maximin) 
social welfare function. For the simulations 
reported here, we can calculate a critical 
value of p. If society is believed to be char- 
acterized by a value of p that exceeds the 
critical value, then the marginal redistribu- 
tion can be said to have been socially. bene- 
ficial (even though it clearly is not a Pareto 
improvement). If society is believed to be 
characterized by a lower value of p, then the 
extra redistribution would be-socially harm- 
ful. 

I have calculated this critical value of p 
for each of the simulations reported in this 


paper. In most cases, the critical value is 
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quite small. For instance, in my central case, 
the critical value is 0.397 for the universal 
cash grant plan, 0.128 for the notch. cash 
grant plan, and 0.067 for the wage subsidy.’ 
For simulations with higher elasticities or 
higher initial tax rates, the critical values are 
of course higher. If we assume. an initial tax 
rate of 0.60, the critical value of p for the 
cash grant is 0.927. Note that, for some wage 
subsidy plans, the critical value of p is nega- 
tive. In these cases, society would have to 
place greater weight on the utility of the rich 
than on the utility of the poor in-order to 
not prefer the policy change. I will not 
speculate here about what the actual p is. 
The construction of an actual social welfare 
function has well-known problems. The point 
is simply that one need not be an extreme 
egalitarian to prefer more redistribution, even 
when the marginal efficiency costs seem high. 


IV. Comparison with Earlier Work 


In this section, I report further compari- 
sons between the results presented here and 
those of Browning and Johnson (1984). They 
only consider universal cash grant plans, so I 
cannot compare my calculations with wage 
subsidies with any results of theirs. Never- 
theless, it is interesting to note the disparity 
between their MECRs for the tax-financed 
cash grant program and mine. They report 
(in their Table 8) MECRs ranging from $1.29 
to $5.84. They place the greatest emphasis 
on a combination of parameter values that 


7 Yn an earlier paper (Ballard, 1987b), the values of p 
for the wage subsidy were usually even a little lower 
than this. The model used in that earlier paper included 
only ten consumer groups. Here, once again, the results 
are complicated by the greater degree of disaggregation 
‘employed in this paper, and especially by the fact that 
some of the population does not work. The wage sub- 
sidy does not help them. Thus, even when the MECR is 
negative, the p need not be exceptionally low. This 
comes out especially in the case where only the poorest 
class receives the wage subsidy. Nonworkers make up 
an especially large proportion of this group, and the p is 
0.405, even though the MECR is only 0.5¢..I also 
simulated a scheme in which the nonworkers in the 
lowest-income class receive extra cash grants while the 
workers receive wage subsidies. In this case, the MECR 
drops slightly, to —1.9¢, while p drops to 0.256. 
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produce an MECR of $2.49. The simulations 
in which T place the greatest confidence, on 
the other hand, yield MECRs of less than 
one dollar per dollar of additional redistri- 
bution. 

I ran some additional simulations in an 
attempt to explain the difference between 
my results and those of Browning and John- 
son. First of all, I adopted their pattern of 
labor supply elasticities. These elasticities are 
higher than mine for some groups but lower 
for others. The weighted average of their 
uncompensated elasticities is slightly higher 
than in my central case and the weighted 
average of their compensated elasticities is 
slightly lower. Incorporating their elasticities 
reduces the MECR of a universal cash grant 
program to 67.1¢. (See the discussion of the 
effect of changing the total income elastici- 
ties, above.) Second, Browning and Johnson 
assume that the gross wage rate 1s fixed, that 
is, they assume an infinitely elastic labor 
demand curve. To approximate this, I ran 
my model with all of its standard parameters 
except for an elasticity of substitution of 
20.0. This change (by itself) leads to a slightly 
higher MECR for the cash grant program of 
85.9¢, The wage subsidy MECR remains 
close to zero. Third, I adopted the pattern of 
marginal tax rates assumed by Browning and 
Johnson (1984). These rates are, on average, 
slightly higher than the 40 percent rate that I 
use, and they lead to somewhat higher 
welfare costs. The MECR for a cash 
grant is 96.4¢ (compared with 80.1¢). The 
pattern of tax rates adopted by Browning 
and Johnson is U-shaped. Adopting these 
tax rates leads to negative marginal ef- 
ficiency costs (—17.5¢) for the wage subsidy 
program. A fourth difference stems from the 
fact that I assume a smaller marginal in- 
crease in taxes than do Browning and John- 
son. If I increase the marginal change in tax 
rate from 0.1 percentage points to their 1.0 
percentage point, the cash grant MECR rises 
to 83.4¢. 

Next, I put all of these changes in elastici- 
ties and tax rates into my model simulta- 
neously. Under this configuration of param- 
eters, the MECR is 89.5¢ for the universal 
cash grant program, —3.2¢ for the wage 
subsidy program, and 21.9¢ for the notch 
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cash grant. Thus, these factors do little to 
explain the difference in the results. 
Another factor explains a portion of the 
difference between my results and those of 
Browning and Johnson (1984). In their data 
set, the upper-income classes have more per- 
sons per household, and the lower income 
classes have fewer persons per household, 
than in my data set. As suggested above, the 
MECR of a cash grant program can be 
expected to rise as the proportion of the 
marginal benefits going to the high-income 
groups increases. When I combine the 
Browning-Johnson allocation of marginal 
transfers with the other changes described in 
the previous paragraph, the MECR for the 
universal tax-financed cash grant rises to 
$1.13. | 
When all the results are put together, I am 
still unable to reconcile fully the difference 
between my results and those of Browning 


and Johnson. Comparisons are difficult, since. 


Browning and Johnson do not use a utility 
function as such. However, it should be clear 
that a well-specified computational model 
may generate MECRs that are substantially 
below those of Browning and Johnson. 
Browning and Johnson (1984) also devote 
a good deal of attention to comparisons of 
the changes in money income for the rich 
and poor groups. They report money income 
tradeoffs for cash grant plans that are much 
worse than their MECRs. This is an intuitive 
result. If we adopt a policy that encourages 
people to consume more leisure and if they 
value that leisure, then calculations that con- 
centrate only on money income (and ignore 
the leisure) are likely to make the policy 
appear much less efficient. In addition to my 
MECR calculations, I have calculated this 
money income tradeoff for all of the policy 


When more of the marginal benefits go to the 
low-income groups, the MECRs decline. For example, if 
the marginal transfers are allocated in the same manner 
as the average transfers in the base casé, the MECR 
falls to 44.3¢ when the other aspects of the Browning- 
Johnson model are incorporated, and to 37.8¢ when the 
other parameters of my central case are employed. 
These lower values emerge because the existing system 
allocates transfers disproportionately to lower-income 
households. 
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changes and parameter combinations on 
which I have reported. I also find that the 
money income tradeoff is worse than the 
MECR for cash grant programs. For exam- 
ple, for my central case simulation with 
marginal tax rates of 40 percent and la- 
bor supply elasticities averaging 0.161, the 
MECR is 80.1¢ but the marginal excess de- 
crease in money income (MEDMI) is $3.25. 
However, the large difference between the 
MECR and MEDMI does not occur when 
we consider wage subsidy plans. Since the 
wage subsidy leads to a decrease in leisure 
for the target population, ignoring the leisure 
does not make the wage subsidy look worse. 
For my central case set of parameters, the 
MECR for a wage subsidy is — 8.0¢, and the 
MEDMI is —17.3¢. In this situation, the 
poor group’s gains in money income actually 
exceed the losses of the higher-income 
groups. If the initial marginal tax rate on the 
lowest two classes is 60 percent, the MECR 
for a wage subsidy is ~30.7¢, and the 
MEDMI is — 36.2¢. | 


V. Concluding Remarks 


In this paper, I have presented the results 
from a large number of simulations using a 
simple computational general equilibrium 
model. The factor proportions, tax rates, and 
size of government were chosen to be repre- 
sentative of the U.S. economy over the last 
several years. The standard case elasticity 
values were selected from the econometric 
literature, and sensitivity analyses using other 
values were performed. 

For the parameter values considered most 
believable, the MECR of a universal cash 
grant financed by increased marginal labor 
taxes is calculated to be at least 50¢, and 
may exceed one dollar per dollar of ad- 
ditional redistribution. On the other hand, 
the marginal efficiency cost of redistributing 
through a wage subsidy may be negative. 

The model within which these results were 
calculated does have limitations. For exam- 
ple, the model used here abstracts from ad- 
ministrative considerations. ‘The implicit as- 
sumption here is that incomes and wages are 
observed correctly by the administering 
authority. In the real world, transfer pay- 
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ment programs require the expenditure of 
resources on administration. These expendi- 
tures would probably be the least under a 
demogrant. The inclusion of administrative 
costs could increase all of the MECRs, but it 
would probably reduce the gap between the 
MECRs for demogrants (which I find to be 
fairly high) and the MECRs for notch and 
wage subsidy programs (which I find to be 
fairly low). A related problem is that, even at 
this level of disaggregation (which is very 
great by the standards of CGE models), I 
distinguish only a part of the heterogeneity 
in the wage distribution. I capture the pres- 
ence of lower-earning spouses, but do not 
account. for low-wage teenagers in high- 
income households. Thus, in the model, the 
loss of efficiency from subsidizing the wages 
of low-wage workers in high-income house- 
holds does not occur. This imparts a further 
downward bias to the simulated MECRs for 
wage subsidy schemes. 

Two final qualifications deal with aspects 
of the model that may lead the MECR calcu- 
lations for cash grant programs to be biased 
upward. First, like most CGE models, this 
model does not allow for unemployment due 
. to macroeconomic rigidities. To the extent 
that unemployment of this type is suffered 
disproportionately by low-income individu- 
als, tax-financed cash grant transfers may 
have significantly lower welfare costs. Sec- 
ond, this model assumes that consumers have 
no uncertainty about their incomes. In an 
uncertain world with risk-averse individuals, 
transfer payments can perform a social in- 
surance role. This could also reduce the 
MECRs substantially. 

The results point toward the need for fur- 
ther consideration of wage subsidies as a 
policy option. There are many programs with 
wage subsidy properties, including employ- 
ment tax credits, the earned income tax 
credit, and others. Nevertheless, it is rea- 
sonable to ask why we do not observe even 
- more wage subsidies. There are several rea- 
sons. First, there may be political obstacles. 
Second, there are a number of practical 
- problems, many of which are discussed in 
Robert Haveman and John Palmer (1982). 
-© Gary Burtless (1985) presents recent evi- 
dence on the stigmatizing effect that a wage 
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voucher plan can have. Third, there are some 
groups in the population who could not be 
assisted by wage subsidies. Some people are 
voluntarily at a corner solution in which 
they do not work in the labor market. For 
most of this group, a small wage subsidy 
would not have any effect. Many elderly or 
disabled persons cannot work under any cir- 
cumstances. Also, other groups (such as the 
mothers of small children) may be physically 
able to work and yet social policy could 
reasonably be designed so as to encourage 
them not to work in the labor market. Even 
if a broad wage subsidy proposal were passed 
into law, it would still be necessary to have 
some type of cash grant program as well. A 
program of wage subsidies for those who can 
work, combined with cash grants for those 
who cannot, may be the best program of all. 
A thorough discussion of one such plan can 
be found in Kesselman (1973). 

It is appropriate to mention some direc- 
tions for future research along the lines of 
this simulation study. First, the present study 
could be extended to incorporate dynamic. 
elements. Second, in a more elaborate model, 
we could consider different types of tax in- 
struments. Third, one area of very great sim- 
plification in the current model is the as- 
sumption that all labor types are perfectly 
substitutable. Future work could allow the 
target population to have a different skill 
type from the general population, perhaps 
using a model with a similar character to 
that of Martin Feldstein (1973). (This would 
best be studied in a larger. model with het- 
erogeneous output and differences in the 
consumption patterns of the skill classes.) If 
cash grant transfer programs cause the re- 
cipients to work less, then we would expect 
that the wages of the occupations dominated 
by low-income workers would rise. This 
should reduce the MECRs. The exact extent 
of the effect would depend on the degree of 
substitutability of the various labor types, 
among themselves and with capital. 

Computational general equilibrium mod- 
els are powerful tools for economic policy 
analysis. They have been used in a variety of 
applications, but the main emphasis has been 
on efficiency effects. Less attention has been 
devoted to distributional issues in general, 
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and transfer payment programs in particu- 
lar. In this. paper, I attempt to reverse this 
trend by using a CGE model to investigate 
equity-efficiency tradeoffs. I find that the 
marginal efficiency costs of redistributing 
through cash grants are substantial, but my 
calculations put the efficiency costs well be- 
low those found in an earlier study. When 
increases in the net wages of the poor are the 
mechanism for redistribution, the efficiency 
costs are much smaller yet. 
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Altruism Within the Family Reconsidered: 
‘Do Nice Guys Finish Last? 


By B. DOUGLAS BERNHEIM AND ODED STARK* 


We criticize the view that altruism either increases the benefits of group interac- 
tions or improves the allocation of resources within families. Altruism can alter 
the social utility possibility frontier in surprising and sometimes unfortunate ways. 
Altruism also often entails exploitability and therefore causes family members to 
behave in ways that leave all parties worse off. In addition, altruisis have difficulty 
enforcing agreements since they may be extremely reluctant to punish betrayals. 


Recent work on the economics of family 
behavior has emphasized the relationships 
between altruism, voluntary transfers, and 
internal resource allocation.! Two themes 
have emerged from this literature. First, since 
altruists internalize externalities, families that 
contain altruists should allocate resources 
efficiently. This principle is most clearly 
enunciated in Gary Becker’s “Rotten Kid 
Theorem” (see, for example, Becker, 1981).? 
Second, altruism increases the benefits of 
group interaction. One consequence of this 
principle is that one ought to discover altru- 
istic linkages between spouses.? 

It is now well-established that the first of 
these results is rather special. Allocative in- 
efficiencies may persist despite the existence 
of altruistically motivated resource transfers 
(see Jack MHurshleifer, 1977; B. Douglas 
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‘See especially Gary Becker, 1974a, 1981. 

“The Rotten Kid Theorem says the following: sup- 
pose that selfish family members are linked through 
resource transfers to an altruistic head-of-household. 
Then each member will act as though his objective is to 
maximize the total well-being of the family. 

ISee Becker, 1973, 1974b, 1981; or Becker, Elisabeth 
Landes, and Robert Michael, 1977. 
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Bernheim, Andrei Shleifer, and Lawrence 
Summers, 1985; or Theodore Bergstrom, 
1986). This is especially true in intertem- 
poral contexts, where altruism may give rise 
to phenomena such as the “Samaritan’s di- 
lemma” (Neil Bruce and Michael Waldman, 
1986; Bergstrom, 1986).4 

In this paper, we take the critique of al- 
truism as a constructive social force a step 
further. In particular, we identify a variety 
of circumstances in which members of a 
group would actually prefer to interact with 
less altruistic individuals, and in which the 
efficiency of resource allocation is inversely 
related to the prevailing degree of altruism. 
This conclusion is clearly much stronger than 
previous results, which simply indicated that 
the presence of altruism need not eliminate 
all social inefficiencies. 

In the following sections, we discuss a 
variety of reasons for suspecting that al- 
truism might be a counterproductive social 
force. Our first point (raised in Section I) is 
non-behavioral: altruism can alter the social 
utility possibility frontier in surprising and 
sometimes unfortunate ways. The intuition is 
simple: if A loves B and B is unhappy, then 
A’s love may cause A to be unhappy as well. 
Worse yet, if B also loves A, then A’s love 


“The Samaritan’s dilemma refers to the fact that a 
selfish individual may impoverish himself through ex- 
travagance, knowing that an altruist will provide for 
him in the future. Our analysis in Section II is based 
upon a model in which this possibility arises. 
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for B would then make B all the more 
unhappy. 

Our next two points concern behavior. We 
argue that in a variety of situations, altruism 
entails exploitability, and therefore causes 
family members to behave in ways that leave 
all parties worse off (this observation is no 
doubt well understood by most parents). In 
Section II, Part A, we consider an environ- 
ment in which altruism gives rise to incentive 
problems (specifically, the Samaritar’s di- 
lemma). For a robust set of cases, we show 
that altruists may take inefficient actions in 
order to preempt exploitation; in cases where 
altruism is stronger, these actions must be 
more extreme, and so the resulting inef- 
ficiency is greater. In Section II, Part B, we 
consider the possibility that family members 
may succeed in establishing efficient resource 
allocation by punishing selfish behavior. We 
show that a rise in the level of altruism may 
lead to the exclusion of certain punishment 
strategies on the grounds of credibility. Since 
an altruist may be extremely reluctant to 
punish betrayals, others may perceive him as 
a “softy.” This may severely limit his ability 
to participate in cooperative agreements that 
are beneficial to all members of the group. 

While these findings are generally negative 
in nature, we do obtain one very general 
positive result. Specifically, in Section II, 
Part C, we consider an extremely broad class 
of environments, and demonstrate that suf- 
ficiently high levels of altruism almost al- 
ways (in a sense made precise) lead to effi- 
cient resource allocation. However, since the 
relationship between altruism and economic 
performance need not be monotonic (as 
shown in Section II, Parts A and B), this 
observation does not validate the view that 
altruism is generally a constructive social 
force. 

Although we emphasize the connections 
between this work and the literature on 
family behavior, our analysis also has much 
broader implications concerning the role of 
altruism in society, and the evolution of so- 
cial conscience. In this respect, it is related 
to work by Robert Axelrod (1984) and Ro- 
bert Frank (1986). We briefly discuss some 


of these implications in the concluding sec- 


tion. 
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I. Altruism and the Utility Possibility Frontier 


Throughout this paper we focus our atten- 
tion on situations involving two distinct types 
of individuals, labeled A and B. Although 
we assume that these individuals interact in 
pairs, the principles discussed here easily 
generalize to larger groupings. For concrete- 
ness, it is helpful to cast our discussion in 
terms of the selection of spouses. Accord- 
ingly, we think of type As as “males,” and 
Bs as “females.” Our strategy in this section 
is to analyze the preferences of an arbitrarily 
selected type B individual over the set of 
potential partners. We index type As by the 
parameter 0, and take @ to lie on the unit 
interval. Below we describe the relationship 
between @ and personal characteristics. 

We assume that the utility of type B is 
given by some function U(C,c,@), where C 
is B’s own consumption vector, and c is that 
of her partner. Supposing that she pairs with 
0, his utility will be given by u,(C,c). Our 
central assumption is that it is possible to 
represent these functions as follows: 


(1) U(C,c,é)= TV(C)+ Bu,(C,c) 


(2) up (C,c) =y(8)v(c) 
+ B(6)U(C,c,4), 


where V(-) and v(-) are increasing func- 
tions, and where F, B, y(@), and B(@) >= 0 
(i.e., we rule out masochism and envy).° Fur- 
thermore, we assume that this representation 
iS unique. | 

This formulation of altruism is standard 
(see, for example, Robert Barro, 1974 and 


Becker, 1974a). Furthermore, equations (1) 


These restrictions do not necessarily follow from 
natural assumptions about U(-) and u,¢(-). It is never- ` 
theless quite common to specify preferences through a 
system of equations like (1) and (2), and to simply 
assume that the restrictions are satisfied. This issue is of 
no real importance in the current context. Indeed, since 
we merely wish to establish the possibility that out- 
comes may be perverse, it is more compelling to confine 
our attention to as standard and well-behaved a set of 
environments as possible. 
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and (2) have very nice interpretations. Util- 
ity arises from two sources: the felicity asso- 
ciated with an individual’s own consump- 
tion, and the utility of his or her partner. 
The relative weight attached to an individ- 
ual’s partner reflects the intensity of al- 
truism. 

Note that we have taken T, B, v(-), and 
V(-) to be independent of @. Thus, the type 
B individual cares equally about all potential 
partners, and type As differ only in that 
some care more for the type B than others. 
This assumption is appropriate since our ob- 
ject is to analyze an individual’s preferences 
over potential partners who are the same in 
all respects, except that some are more altru- 
istic than others. We can arbitrarily assign 
the index @ such that larger values corre- 
spond to greater altruism. Thus, without loss 
of generality we take B’(@)>0. We also 
assume y’(@) < 0—altruistic individuals do 
not attach more importance to their own 
consumption than do more selfish individu- 
als. 

Thus far, we have said nothing about a 
couple’s feasible consumption set. Implicitly, 
we take this to be the same for all potential 
couples. For each feasible consumption pro- 
file, we analyze the relationship between util- 
ity and the choice of a partner. This allows 
us to draw conclusions about the effect of 
altruism on the utility possibility frontier. 
Below we study in detail the impact of al- 
truism on choices within the feasible set. 

Having fixed arbitrary values of C and c, 
we solve (1) and (2) to express type B’s 
utility directly in terms of felicities and her 
choice of a partner: 


(3) U(C,c,@) 
= [TV(C) + By(@)v(c)](1—B(8)B) . 


If we take the primitive utility function U(-) 
to be increasing in c and C, then under the 
rest of our assumptions it must be the case 
that B(@)B <1. . 

To determine the relationship between 
type B’s utility and her choice of a partner, 
we differentiate equation (3) with respect 
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(4) = {o(e)lv(o) [1 B(6)8) 


+ By()B'(8)| + V(C)TB’(6)} 
-B(1—B(6)B)~”. 


The derivative has the same sign as the ex- 
pression in curly brackets. Thus, dU/06 > 0 
(type B prefers a more altruistic partner) if 
and only if 


(5) V(C) > v(c)o(9), 


where 
(6) $(@)={—y'(@)[1~—B(4) Bl 
— By(0)B'(0)}[T8'(0)] 7. 


Note in particular that ¢(-) does not depend 
upon the felicity levels V(C) and v(c). Thus, 
for any consumption bundle we can de- 
termine whether or not type B would prefer 
a more altruistic partner simply by inspect- 
ing the ratio of felicities. 

Two features of equations (5) and (6) de- 
serve emphasis. First, if type B’s felicity is 
sufficiently low, she will prefer a less altruis- 
tic partner. In this case, nice guys do indeed 
finish last. The explanation is quite simple. 
An altruistic type A would be depressed by 
his partner’s low level of felicity. Since the 
type B cares about her partner, she would in 
turn be disturbed by the fact that she has 
made him unhappy. 

Second, note that $(@) may be either 
positive or negative (the two terms in curly 
brackets have opposite signs). If it is posi- 
tive, then when type As are sufficiently happy 
(v(e) is large) the type B will again prefer a 
less altruistic partner. Intuitively, since she 
cares about her partner, she would rather he 
place more importance on his own high level _ 
of felicity than on her comparatively low 
level of utility. To take an example, suppose 
that y(@) =1— B(@) and F =1— B, so that 
utility is a simple weighted average of own 
felicity and spouse’s utility. Then it is easy to 
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check that ¢(@) =1. Whether or not the type 
B prefers a more altruistic partner will then 
depend simply upon whether V(C) 1s larger 
or smaller than v(c). 

If $(8@) is negative, then the result de- 
scribed in the preceding paragraph is re- 
versed: when v(c) is sufficiently small (type 
As are unhappy), the type B will prefer a 
less altruistic partner. Note that this cannot 
occur unless either v(c), V(C), or both are 
negative. To take an example, suppose that 
y¥(@) =T =1, so that altruism does not affect 
the absolute importance attached to own 
consumption. Then $(@) = — B. When V(C) 
< — v(c)B, the type B’s utility is necessarily 
negative. It is therefore quite natural that she 
would not want her partner to attach greater 
importance to her well-being. 

One final point deserves mention. Con- 
sider two type As, @ and @’. From (J), it 
follows that U(C, c0) > U(C,c, 0’), if and 
only if. ug(C,c) > ug (C,c). Thus, the type 
B’s optimal choice leads to a partnership 
that is happier all around. In particular, if 
she prefers a selfish partner, then selfish type 
As will be happier as her partner. To state 
this in a slightly different way, suppose that 
all type As have the same level of reservation 
utility—unless they achieve this level, they 
will not form a partnership. Then if a type B 
prefers a selfish partner, only sufficiently 
selfish type As will be willing to pair with 
her. 

The reader might well object to this analy- 
sis on the grounds that we have taken behav- 
ior as fixed. In practice, the type B might 
always prefer a more altruistic partner, since 
he would be inclined to enhance her felicity 
through transfers and other activities. We 
agree that it is essential to incorporate the 
impact of altruism on behavior. However, it 
is easy to see that in a robust set of cases, the 
effects discussed here will dominate behav- 
ioral responses. 

' Consider the following example. Let y(@) 
=1- 8(6) and T =1— B. Suppose that each 
type A is endowed with wealth W, and that 
the type B has no resources of her own. In a 
partnership, the type A decides how to di- 
vide consumption between himself and his 
partner (.e., he chooses C and c subject to 
C+e<W). Let V(C) =In(Cu) with-p > 0, 
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and v(c)=In(c). It is easy to verify that 
individual ð would consume Wa(@) him- 
self, where a(#)=[1— B(0)][1— (0) B]? 
transferring the residual to his partner. We 
can then write type B’s utility indirectly as a 
function of @ (denoted U(@)), where it is 
understood that we have substituted for type 
A’s optimal choice. Differentiation yields 


Ead 
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. We are primarily concerned with the case 
where B <1 (otherwise we would have F < 0, 
and @’s optimal choice would be to consume 
everything himself). It follows that a’(@) <0. 
Thus, when the first term in curly brackets is 
sufficiently small, the type B individual pre- 
fers a more altruistic partner. However, p 
can be chosen arbitrarily without affecting 
behavior. By taking p to be sufficiently small, 
we.can make this term arbitrarily large, 
thereby producing the result that the type B 
prefers a less altruistic partner, despite the 
fact that he will provide her with fewer re- 
SOUTCES. 


If. Altruism and Behavior 


In the simple example described at the 
end of the preceding section, altruism had a 
beneficial impact on transfers (unfortu- 
nately, this effect was simply dominated for 
small values of p). We now describe several 
kinds of environments in which the presence 
of actual or potential resource transfers 
causes altruism to have counterproductive 
behavioral effects. In contrast to the ap- 
proach adopted in Section I, we take 
partnerships as given, and compare the be- 
havior of couples who differ only with re- 
spect to the strength of their altruistic mo- 
tives. 

Accordingly, in this section it is conve- 
nient to assume that there are only two 
individuals and to identify each individual i 
with his type, A and B. We assume that 
each agent has preferences of the form given 
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by equations (1) and (2), and solve for utili- 
ties in terms of felicities, as in equation (3). 
Since we take partnerships as given.and focus 
on behavior, we are only concerned with 
ordinal preferences over consumption. With- 
out loss of generality, we may therefore nor- 
malize utility so that agent 7 places a weight 
of 1— a, on his own felicity and a weight of 
a; on that of his partner: 


(7) u(C;,G) 
= (1- a, )V,(C;) + aV,(C,), 


where u, is the utility, V; the felicity, and C, 
the consumption of i= A, B, and where j +i. 
Throughout, we assume that a,+a,<1, 
thereby ruling out the complications that 
arise in cases of “excessive” altruism. Clearly, 
a, + a, =1 corresponds to the case of “ per- 
fect” altruism, in which the agents’ interests 
are completely harmonious. 

In Parts A and B we describe some specific 
environments in which consumption is de- 
termined by strategic play. We demonstrate 
that in these environments selfish couples 
may well succeed in allocating resources 
more efficiently, thereby achieving strictly 
higher levels of felicity than altruistic cou- 
ples. In Part C, we isolate some general 
conditions under which altruistic couples fare 
better. 


A. Incentive Problems 


. We consider a version of the Samaritan’s 
dilemma in which the two agents, A and B, 
live for two periods. Each agent i is en- 
dowed at the beginning of period 1 with 
resources w; A consumes ch in each period 
t; we use 'ch to denote B’s consumption. A 
and B.make decisions in the following order: 
first, A selects cl, then B selects c}, then 4 
selects c7 C4 transferring his residual resources 
(w,—c¢,—c4) to B, and finally B consumes 
her residual resources (wp — ch + w4 — c} — 

cå). 6 For analytic simplicity, we specify felic- 


“Although this sequential order of play is quite spe- 
cial, the result described in this section is very general. 
If, for example, A and-B choose simultaneously in each 
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ity to be loglinear, and assume that the inter- 
est rate and pure rate-of-time preference are 
both zero. Finally, we assume that A cares 
about B—a fact which B is aware of—but 
not vice versa.’ Accordingly, we adopt the 
following parameterization of equation (7): 


ug=(1—a,) ) Inch +a, } Inch, 
edge t=1,2 


and 


Y Inch. 


t=1,2 


This environment determines a game of 
perfect information. We solve for the sub- 
game-perfect (closed loop) Nash equilibrium 
(see Reinhard Selten, 1975) through back- 
ward recursion. 

Clearly, in the final stage, B will simply 
consume all remaining resources. Accord- 
ingly, given cl, and ch, A will want to allo- 
cate the fraction a, of total second-period | 
resources to B, and keep the remainder for 
himself. He may, of course, be constrained 
in this regard, in that he cannot appropriate 
B’s wealth. Thus, 


(8) c= min { (1— a,)(w, + Wp — c$ i ch}, | 


w= ehy, 
(9) c2 = max{ a,(w, + wp-ch—ch), 


ae Al 
Wy — ch}. 


period, then one could produce the same result in a 


three-period model. Note also that we have restricted A 
from making transfers in period 1 (“gifts,” as opposed 
to period 2..“bequests”). Implicitly, we assume that 
agents prefer to transfer resources later in life, perhaps 
because they wish to maintain reserves against adverse 
contingencies, because of taxes, or because of other 
incentive problems (see, for example, Bruce and Wald- 
man, 1986). It is clearly possible to obtain the same 
result in a model where gifts are treated explicitly. We 
opt for the simpler sequential model without period 1 
transfers in order to illustrate the exploitability of an 
altruist i in the most transparent setting. 

' "This is for analytic convenience only. Two-sided 
altruism does not alter the basic principles. 
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FIGURE 1. B’s EFFECTIVE BUDGET CONSTRAINT 





We now move back an additional step, FIGURE 2. A’s FEASIBLE CONSUMPTION CHOICES 

and consider .B’s choice of ch. Equation (9) 

determines B’s effective budget constraint, 

which we illustrate in Figure 1. Note that we 

have identified two regimes, which we desig- we infer that 

nate I and II. If B chooses to consume on 

part I of her budget constraint, then (13) = -d | for ch > cf 

= 


(i- oy )( wi + wg ~ cl) /2 for cl, < cf 


(10) , wc =w72. 
2 for ġà > cf 

If, on the other hand, she chooses to con- (14) a= wal ig ne 
sume on part II, then P (wi + wa ~ c4)/2 for c4 < cå 

11 ch E = (w+ wp — c} )/2. wa/2 for c4 2 cf 
( ) B= (w+ wp 1) (15) = i ee T P 

It is essential to determine whether B 

chooses c}! or cy g". Accordingly, we identify Equation (13) merits further attention, in 
the level of c, for which she is just indiffer- that it describes A’s feasible consumption 
ent by solving the equation locus. Note that . 

2In(w,/2) = In| (w4+ wg — ch) /2| w,— ce = —w, (1-07?) 

+In[a,(w, + wy —-c})/2]. | | > ~ w,( a? — az!) /2 
= S we a E 

The solution, cž, is given by (1— a4 )(4 + We ~ cf) 
(12) ct =w + Ws (1 _ az 1/2), (with strict inequality for a, <1), so that the 


set of A’s potential consumption choices is 
discontinuous at c¥, as shown in Figure 2. 

When cl>c*, B will Select c cl When cl< As before, we identify regimes I and II. 
c*, B will choose c} From inspection of Figure 2, it is evident 
We now consider w s initial decision con- that there are three types of equilibria. First, 
cerning c4. From equations (8) through (11), AÆ’s choice might be interior to regime I. This 
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occurs when A’s altruism is so weak that A 
wishes to extract some of B’s endowment 
from B. The presence of altruism does not 
alter incentives through transfers, so equi- 
libria in regime I are Pareto efficient. Sec- 
ond, A’s choice might be interior to regime 
II. This occurs when A’s altruism is suffi- 
ciently strong to motivate transfers. The 
Samaritan’s dilemma results: since B faces 
an implicit tax on saving, his first-period 
consumption is inefficiently high. Third, A’s 
choice might be at the point of discontinuity. 
It is this possibility that we wish to investi- 
gate further. 

Clearly, one cannot have an equilibrium at 
the point of discontinuity unless c*¥ > w,/2 
(otherwise A would prefer to divide his re- 
sources evenly between the two periods). 
Using our formula for cf (equation (12)), 
this implies 


a4 > (1+ w,/2wp) = ay. 


Suppose this inequality holds. Would A pre- 
fer to choose c¥, or some consumption level 
within regime II? While we have been unable 
to obtain a general answer to this question, 
it is clear that there is a robust set of cases 
for which A prefers c¥. For example, if 
a,=a, and w,=w,=1, then A can obtain 
a utility level of —1.39 at the point of 
discontinuity. On the other hand, by maxi- 
mizing his utility subject to the relevant por- 
tions of equations (13) through (15), one can 
verify that he can do no better than —1.48 
in regime II. Since the utility associated 
with both options responds continuously to 
changes in a,, we conclude that there is 
some a@,>a,, such that if a, €[a,,a,], the 
equilibrium lies at the point of discontinuity. 
. Suppose then that a, €(a,,a@,), and con- 
sider the effect of raising a,. More precisely, 
compare the behavior of two different cou- 
ples where the type A individuals have dis- 
tinct values of a, within this interval. We 
know that for.small changes, the equilibrium 
remains at the point of discontinuity. Thus, 


dey då ` dež — waa 37 
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and 


‘How does this small change affect the ef- 


ficiency of the resulting allocation? To answer 
this question, it is appropriate to focus on 
felicities. Since ‘v,(c',,c3) = Inc, +Inc3, we 
have 








(since c¥ > w, /2). Thus, couples with higher 
levels of altruism (a,) will allocate resources 
less efficiently. Within this regime, they 
‘achieve a lower level of felicity for the type 
A individual; and the same level for the type 
B individual. | 

It is worthwhile spending a moment to 
understand this result. The intuition is as 
follows. A knows that B may consume a 
large share of her resources in period 1 with 
the intent of freeloading in period 2. To 
prevent this, A must find some way of com- 
mitting himself not to support B in period 2. 
In our model, A can accomplish this only by 
consuming a large fraction of his own re- 
sources in period 1. Freeloading then be- 
comes less lucrative for B, who instead 
chooses to support herself. In a couple where 
A is more altruistic toward B, A must take 
more extreme measures in order to make 
freeloading unattractive to B. That is, he 
must consume an even larger share of his 
resources in period 1. Since the first-period 
consumption of type A individuals is too 
large to begin with, this causes a further loss 
of efficiency. o 


B. Cooperation 


In this part, we study the ability of social 
groups to achieve cooperative outcomes by 
punishing selfish behavior. Since family rela- 
tionships are usually ongoing, it is natural to 
assume that family members interact in a 
sequence of situations. Failure to cooperate 
at any point in time may lead to subsequent 
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retaliation. However, it is important to re- 
quire that the threat of retaliation be credi- 
ble, in the sense that the retaliating party 
- would actually find it in his interest to carry 
out the prescribed punishment: 

We consider a simple stylized model of an 
ongoing relationship between two individu- 
als. Each agent, A and B, wishes to consume 
two goods, x and y, so that c;= (x; y;). 
Both goods are nonstorable. In each period, 
t=1,2,...,00, A is endowed with k — p units 
x and p units of y, while B is endowed with 
k — pu units of y and p units of x. We also 
assume that A and B cannot exchange x for 
y (or vice versa) on open markets: at least 
one of these goods represents a resource 
or service (for example, loving care) that 
is provided exclusively through families. 
Throughout, we will take »>0 to be very 
small, so that each agent virtually monopo- 
lizes one good.® The preferences of each 
agent i are given by equation (7). We specify 
felicity as a function of own consumption 


v(x; y;) = (xiy) 


where 0 < y <1/2. The restriction that y < 
1/2 assures that u; is quasi-concave in 
the consumption of individuals A and B. 
Henceforth, we will also impose the restric- 
tion that a,=a,=a (ie. symmetric al- 
truism). 

In. analyses of repeated games, it is stan- 
dard practice to enforce cooperative out- 
comes through “Nash reversion” (see, for 
example, James Friedman, 1977). That is, 
agents play cooperative actions on the equi- 
librium path. However, if either player ever 
deviates from his assigned choice, then the 
equilibrium prescribes the static Nash solu- 
tion in every subsequent period. Such pun- 
ishments are credible in that each agent will- 
ingly participates in the punishment, given 
the other’s participation (1.e., the equilibrium 


When p= 0, there are always three static Nash 
equilibria, one of which is symmetric (as in the text). 
The other two equilibria have x;= y,=0 for some i. 
This is a rather peculiar outcome—i gives everything 
away simply because retaining it has no effect on his 
felicity. When p > 0, i always has an incentive to retain 
some fraction of his endowment. ` 
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is subgame perfect), While more severe 
punishments are frequently available (see 
Dilip Abreu, 1986), Nash reversion is by far 
the simplest and most widely discussed 
method of enforcing cooperation. We em- 
ploy it here. 

It is therefore necessary to begin by char- 
acterizing static Nash outcomes. Since p is 
very small, agent A will, in effect, determine 
the division of x and B will determine the 
division of y. Suppose that agent B chooses 
to consume yp = À gk (ie., A, is the fraction 
of the aggregate endowment of y that B 
retains for himself). Then A solves 


max (1— a)[A4(1— Ny) | k” 


+ a[(1 —)y)Az] K, 


subject to 0 <A,<1—p/k (where A, is the 
fraction of his endowment that A retains for 
himself). Differentiation reveals that 


(16) 
1-Ap\" fl- V 
a-o] Àg | =e| Àg | 


Since the first-order condition for B is com- 
pletely symmetric, it is natural to look for 
symmetric equilibria. Setting A,=A, (and 
accounting for boundary conditions), we find 
that the equilibrium choice, A”, is given by 








(17) AN=min{1—a,1—p/k}. 


Note that as a approaches 1/2 (perfect al- 
truism), players split all resources equally 
(the symmetric cooperative outcome). It is 
straightforward to show that (A~, A”) is the 
unique Nash equilibrium given the parame- 
ter restrictions described above.’ Utility 
levels at the static Nash solution are given 


One can see this by taking logs of equation (16) and 
its counterpart for B. This yields a nondegenerate sys- 
tem of two linear equations in two unknowns. Thus, 
there can be only one interior solution. One can check 
directly that boundary cases cannot be equilibria. 
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by 
~ (18) uN = [A1 - A”) k”. 


Our objective is to determine the feasibil- 
ity of achieving cooperative equilibrium out- 
comes. For simplicity, we focus on the case 
of symmetric distribution: x, = Xp = Y4 = Yg 
= k /2 (note that this is Pareto-efficient irre- 
spective of «). Associated utility is given by 


(19) uc = | =) p 


(the superscript C denotes cooperation). 
Suppose agent i contemplates deviating 

from the cooperative allocation. Using equa- 

tion (16), one can show that it is optimal for 


him to select 
a \l/a-y]7} 
1+| | 
- \l-e 


1 p/k) 








(20) 02 = minl 


By deviating in this way, i can obtain a 
current payoff of 


(21) wu? =(1—a)[d2/2] "k? 


+a[(1—A?)/2] "k? 


(the superscript D denotes deviation). 

When is cooperation sustainable through 
Nash reversion? Agent i must believe that 
the short-run gain from deviating does not 
exceed the discounted value of future losses. 
That is, 


ô 
1-6 





(22) [w®—uS}s—— [uo u], 


where 6 is the rate at which agents discount 
future utility. It follows that cooperation is 


That is, total utility is given by E2, o9’ u; 
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sustainable as long as 
(23) 8>[u? ul] /[u? wu]. 


Intuitively, cooperation requires that. each 
agent place sufficient weight on the future, 
so that his fears of retaliation dominate any 
inclination toward short-run opportunism. 
How does altruism affect the prospects for 
cooperation? It helps to build intuition by 
considering the case of a close to zero (pure 


selfishness) and u very small. From equation 


(17), it is clear that A” is close to 1. Thus, 
A’s (B’s) marginal utility from y (x) ap- 
proaches infinity. Since a change in a in- 
duces a first-order change in A, the effect 
on u™ will be extremely large. Accordingly, 
the right-hand side of (22) falls very sharply 
with a (in the limit, the derivative is infinite). 
Since altruism improves the static noncoop- 
erative. outcome, it reduces the severity of 
credible: punishments. An increase in al- 
truism will also make deviations less desir- 
able. However, from equations (20) and (21), 
it is possible to show that this effect is of the 
same order of magnitude as the change in a. 
Thus, the right-hand side of (22) falls by 
more than the left, and cooperation becomes 
more difficult to sustain. 

To illustrate this point more concretely, 
we consider a numerical example. Let p/k 
=0.01 and y=0.25. For values of a€ 
[0,1/2) (recall that with a,=a,;, a=1/2 
represents perfect altruism), we calculate 6*, 
the minimum value of 6 that satisfies in- 
equality (23). 6* is the lowest discount fac- 
tor for which one can sustain cooperation. 
Thus, lower values of 6* imply that it is 
easier to sustain cooperation. Using equa- 
tions (17) through (21), we obtain the entries 
in Table 1. Notice that 6* rises monotoni- 
cally with æ. Regardless of where one starts, 
an increase in the level of altruism makes 
cooperation more difficult. Suppose, for ex- 
ample, that ô = 0.35. For a couple with a= 
0.10, it is possible to sustain complete coop- 
eration. However, a more altruistic couple 
with a= 0.15 cannot achieve the cooperative 
outcome. 

It is important to emphasize that one can 
also construct examples in which altruism 
has the opposite effect. Yet this discussion 
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TABLE 1—-THRESHOLD DISCOUNT FACTORS 


Index of Threshold 
Altruism Discount Factor 
a 6x 

0 251 
05 301 
10 334 
AS 354 
20 369 
25 379 
30 387 
35 393 
40 397 
AS 399 


serves to emphasize a general point: when 
altruism improves static noncooperative out- 
comes, it lessens the severity of credible 
punishments. An altruist may well be per- 
ceived as a “softy” and his threats may not 
be taken seriously. Most parents should be 
familiar with this problem. In addition, such 
considerations may well explain why some 
alliances (for example, the Warsaw Pact) are 
perceived to be stronger than others (for 
example, NATO): a stronger commitment to 
the goals of an alliance (deeper caring for 
the security of the allies) may actually make 
the alliance less effective! While altruism 
may also dampen incentives to deviate, the 
first effect dominates in a robust class of 
environments. 


C. A Positive Result 


In view of the examples presented in Parts 
A and B, it is natural to wonder whether one 
can make any general statements about the 
effects of altruism on economic performance. 
Surely, since perfect altruism (a, +a, =1) 
induces perfect harmony (in the sense that 
strategic problems disappear and cooper- 
ation prevails), sufficiently high levels of al- 
truism (a,+ a, close to 1) should also im- 
prove equilibrium outcomes. Unfortunately, 
it is relatively easy to construct counterex- 
amples in which even this relatively weak 


“'We would like to thank James Andreoni for raising 
this point. 
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conjecture is false. Yet these examples seem 
quite contrived, in that they tend to rely on 
coincidental features of payoff functions. We 
now formalize this reasoning. 

Consider the set of two-agent environ- 
ments (agents A and B) in which consump- 
tion is determined as a function of strategic 
choices, x, and xp. The choice sets X, (for 


. A) and Xp (for B) have cardinality J and J, 


respectively (for simplicity, we assume that I 
and J are finite). We will fix J and J 
throughout, and therefore suppress them in 
the notation. Define X = X; X X, and K = 
I-J. To complete the specification of the 
environment, we must describe preferences. 
Let I be the set of functions v: X— R? 
(mapping choices directly to felicities; we 
implicitly substitute for consumption as a 
function of choices). Note that since X is a 
finite set, we can think of T as the set of 
vectors in R**, For a}, ap € [0,1], utilities 
are given by 


u;(x; a;) = (1— a,)0,(x)+ a;v;(x), i+ j, 


where x = (X4, Xp). We define x*(a;) as the 
choice vector that maximizes u,(x, a,). 

The following result establishes that suf- 
ficiently high levels of altruism are almost 
always beneficial. The proof (omitted) is 
available from the authors on request. 


THEOREM: There exists a set T that is both 
open and dense in I, with the following prop- 
erty. Suppose v ET. Let a’, and a’, be se- 
quences of numbers such that aŭ% + a} <1, 
and lim, (a3 + a3) =1. Then there exists 
N such that for all n>N there is a pure 
strategy Nash equilibrium $” = X, and 


lim [u,(x*(a?),a7)—u,(2",a7)] =0 


for i= A, B. 


This result says that when altruism is suf- 
ficiently strong (but not perfect), there is 
almost always an equilibrium in which pay- 


12An example is available from the authors upon 
request. 


1044 | THE AMERICAN ECONOMIC REVIEW 


offs are arbitrarily close to the global optima 
for both players. It is reassuring to note that 
the examples in Parts A and B both satisfy 
this property. 

While high levels of altruism are generally 
beneficial, this should provide little comfort 
to those who subscribe to the traditional 
views mentioned at the outset of this paper. 
The effects of altruism on economic interac- 
tion are complex, and must:be assessed on a 
case-by-case basis. 


Ii. Conclusions 


Our analysis is directly relevant to the 
literature on the economics of family behav- 
ior, in that it calls into question the views 
mentioned at the outset of this paper. One 
should not necessarily expect to find strong 
altruistic linkages between spouses, nor 
should altruism necessarily contribute to 
marital stability. Similar remarks apply to 
parent-child and sibling relationships, as well 
as to relationships outside the family that 
are based upon altruism or trust. Instead, 
our findings are consistent with pragmatic 
folk wisdom that distinguishes between love 
and compatibility. 

These findings suggest potentially prof- 
itable directions for subsequent research on 
the family. Ideally, one should endogenize 
the degree of altruism within families by 
allowing for choice among potential spouses, 
alternative methods of child-rearing, and 
so forth. The key question is whether one 
would then expect the formation of fami- 
lies in which altruistically motivated re- 
source transfers play a key role. If high levels 
of altruism fail to arise endogenously, then 
this would call into question the line of 
research advocated by Becker and Barro 
(among others), and would suggest that 
family decisions are more properly modeled 
as negotiations among primarily self-inter- 
ested agents. 

Our findings also have important implica- 
tions in other contexts. We will mention two 
additional applications. First, when external- 
ities generate inefficiencies (pollution, over- 
population), authorities typically resort to 
“moral suasion,” regulation, or taxation. It 
seems to us that the first remedy is both 
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most common and least studied. Yet the 
efficacy of this remedy depends upon the 
critical assumption that the development of - 
a “social conscience” will produce more ef- 
ficient outcomes. Our results suggest that 
this supposition is not of universal validity. 

Second, biologists have pointed out that if 
individuals are the relevant evolutionary 
units, then evolution should be guided by 
selfish behavior. However, if the units of 
evolution are genes rather than individuals, 
then genes that incline organisms toward 
cooperation with relatives may prosper at 
the expense of less altruistic genes. Our anal- 
ysis suggests that it may be important to 
refine this observation. Detailed study of 
particular environments could conceivably 
help biologists to better predict when and 
how altruism might evolve.” 

Similar issues arise with respect to the 
evolution of social units (see, for example, 
the work of Axelrod, 1984, or Frank, 1986). 
Detailed study of evolutionary processes in 
which individuals bequeath altruistic prefer- 
ences (rather than proclivities to cooperate, 
as in Axelrod’s work) to their progeny and 
either survive or die off on the basis of 
realized felicity might well reveal that evolu- 
tion tends to produce incomplete altruism. 


13We would like to thank Theodore Bergstrom for 
suggesting this application. 
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Implicit Contracts, Labor Mobility, and Unemployment 


By RICHARD J. ARNOTT, ARTHUR J. Hosios, AND JOSEPH E. STIGLITZ* 


4 


When workers’ search efforts are unobservable, the provision of insurance against 
firm-specific shocks adversely affects their incentives to find better jobs. In 
consequence, the equilibrium contract prescribes low wages and underemployment 
to encourage workers to leave low-productivity firms; and it employs both quits 
and layoffs to induce separations, with the mix depending both on the relative 
efficiency of on- and off-the-job search and on the search-incentive effects of 


layoffs. 


Wage rigidities have long played a central 
role in Keynesian explanations of unemploy- 
ment. ‘Though a major aim of implicit con- 
tract theory was to provide an explanation 
for these rigidities (Costas Azariadis, 1975; 
Martin Baily, 1974), it has become increas- 
ingly apparent that these rigidities do not 
comprise a complete explanation of unem- 
ployment; that is, while the simpler versions 
of implicit contract theory successfully ex- 
plain real wage rigidities as a consequence of 
risk-averse workers’ demand for insurance 
against variations in the value of their 
marginal product (VMP), they cannot ex- 
plain unemployment.’ 

‘To explain unemployment, one must ex- 
plain, first, why reductions in demand in- 
duce layoffs rather than just reduced hours, 
and second, why those on layoff do not 
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cently Sherwin Rosen, 1985. 
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immediately secure employment elsewhere. 
Traditional implicit contract theory, by con- 
trast, ignored both issues: it. assumed that 
reductions in labor demand take the form of 
layofis; and it assumed that all separated 
workers are immobile, due, say, to pro- 
hibitive mobility costs. The latter immobility 
assumption 1s particularly important since it 
implies that (i) laid-off workers are necessar- 
ily unemployed, (ii) quits are absent, (iii) 
high-demand firms cannot hire newly sepa- 
rated workers, and (iv) when optimally de- 
termined severance pay is provided, laid-off 
workers are better-off than retained workers. 
In fact, variable hours, layoffs, quits, and 
interfirm mobility are all prominent features 
of modern labor markets, and the prediction 
that workers prefer to be laid off is generally 
accepted as counterfactual.” l 

We propose: here a model of implicit con- 
tracts which resolves most of these difficul- 
ties by relaxing the assurnption that workers 
are immobile. We follow traditional contract 
theory in assuming that workers are risk- 
averse and firms are risk-neutral. As a result, 


2 Though more recent developments in implicit con- 
tract theory, particularly those based on asymmetries of 
information (Azariadis, 1983; Sanford Grossman and 
Hart, 1981) have recognized the failure of the tradi- 
tional versions to explain unemployment, they have 
failed to address the central problems raised above and 
have faced some further difficulties as well. For exam- 
ple, not only do these new theories obtain unemploy- 
ment only under restrictive conditions but, when they 
do, they obtain it for all states of nature except the very 
best. 
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firms provide individuals with insurance. If 
labor mobility were costless and instanta- 
neous, no insurance would be required 
against relative shocks (ie., those which 
change the relative VMP’s of labor in dif- 
ferent uses) stnce each worker would move 
immediately to the job where his VMP is 
highest. 

In fact, search is not ‘only an individually 
costly activity, but is also a private activity 
that is costly to monitor. It is difficult for an 
employer to monitor his workers’ search ef- 
forts and outside wage offers or even to 
verify whether his laid-off workers have be- 
come reemployed elsewhere. In turn, because 
the employer is unable to observe these 
search inputs and outcomes, the following 
moral hazard problems arise. 

The first problem results when workers’ 
job offers are private information, even when 
their search effort is observable. In this case, 
for each VMP realization, the firm can pro- 
vide only a. fixed severance payment to 
workers:-who quit or are laid off, and a given 
wage to workers who are retained. Conse- 
quently, the more insurance a firm provides 
against its own low-VMP draws (i.e., the 
greater the wedge between its workers’ wage 
and VMP), the more likely it is that workers 
will refuse outside wage offers that exceed 
their current VMP but are less than their 
current wage, and hence the less efficient will 
be quit behavior. 

The second moral hazard proble stems 
from the unobservability of search effort or 
intensity. In this case, the more insurance a 
firm provides against low-VMP draws, the 
less incentive a worker has to search for 
alternative employment and hence, once 
again, the less efficient will be quit behavior. 
Since it is privately (and socially) costly for 
individuals to remain where the value of 
their marginal product is low, the equilib- 
rium insurance contract will in both situa- 
tions provide incomplete insurance. 

With private job-search information, and 
as a consequence of these moral hazard 
problems, the equilibrium implicit contract 
will be shown to prescribe relatively low 
wages and underemployment to encourage 
quits in bad times, and relatively high wages 
and overemployment to discourage quits in 
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good times.’ In this setting, moreover, quits 


(induced by relatively low wages) and layoffs 
are alternative means of creating separations 
from low-VMP firms. 

On one hand, reduced insurance (lower 
wages for retained workers) has the potential 
advantage of encouraging quits by the lowest 
search cost workers, effectively discriminat- 
ing among otherwise indistinguishable work- 
ers. On the other hand, layoffs have the 
potential twofold advantage of forcing work- 
ers to use a different and likely more efficient 
off-the-job search technology and, when quits 
precede layoffs, of inducing more intensive 
on-the-job search by decreasing the returns 
to those who do not quit. As these two 
instruments, reduced wage insurance and 
layoffs, are imperfect substitutes, we expect 
to observe both quits and layoffs at individ- 
ual firms. 

In a limiting (and we would argue unreal- 
istic) version of our model, in which there is 
no search, we obtain the standard counter- 
factual results. We therefore contend that an 
analysis of the role of implicit contracts in 
understanding unemployment must focus on 
questions of labor mobility and private job- 
search information.* Regrettably, the sim- 
plest model that remedies the difficulties we 
have noted in the traditional framework must 
be somewhat complex: it must incorporate 
endogenous search; it must allow for the 
possibility of severance pay; and it must 


7In the relevant literature, under- (over-) employ- 
ment is said to occur when a worker’s shadow value of 
leisure is less (greater) than his value of marginal prod- 
uct. Note that asymmetric information plays a key role 
in our analysis, but that the particular source of infor- 
mational asymmetry is different from that discussed, 
say, by Azariadis, 1983 or Grossman and Hart, 1981. In 
these papers workers cannot observe realizations of 
firms’ revenue functions, which leads to an adverse 
selection problem. In the present paper, as in Jon 
Strand’s, forthcoming, firms cannot observe workers’ 
search efforts, which leads to a moral hazard problem. 
*Related papers which also highlight labor mobility 
and asymmetric job offer information include those by 
John Geanakoplos and Takatoshi Ito, 1982; and Arthur 
Hosios, 1986, 1987; these papers develop simple general 
equilibrium models of layoffs, hiring and unemploy- 
ment in which the ex post job-finding probability is 
endogenous, but quits are absent. 
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provide firms with a choice between layoffs 

and wage policy as means of encouraging the 
movement of workers from low- to high- 
VMP firms. 

We begin in Section I with an naive of 
firms’ wages, severance pay, and internal dis- 
tortions when workers’ search efforts are pri- 
vate information and lay-off rates are given; 
Section I contrasts our results with earlier 
papers that assume either that separated 
workers are immobile or that job-search 1n- 
formation is public. Section II presents a 
general model of layoffs and quits and com- 
pares implicit contracts that prescribe layoffs 
before and after on-the-job search; Section 
II also describes the equilibrium layoff rate 
in special cases with and without quits. Sec- 
tion III presents concluding remarks. 


I. The Model 
We develop a two-period model of a com- 


petitive economy which is buffeted by firm- 
specific shocks. During the ex ante period 


when there is still uncertainty, workers are - 


free to join the firm whose employment con- 
tract offers the highest level of expected util- 
ity. At the beginning of the ex post period, 
after all random variables are realized, a 
fraction of each firm’s initial labor pool may 
be laid off as prescribed by the contract. 
Subsequently, after search, some retained 
workers and some laid-off workers secure 
new employment elsewhere. Finally, produc- 
tion takes place at the end of the ex post 
period. See Figure 1. 

While this formulation may initially ap- 
pear restrictive, it will become clear as we 
proceed that this is not the only possible 
interpretation of our model (see fns. 10 and 
11), and that most of our qualitative results, 
for instance concerning incomplete insur- 


ance, underemployment, and the presence of | 


layoffs and quits together, would hold under 
alternative sequencings as well. In particular. 
in Section II we show that our results are not 


substantially altered when on-the-job search . 


precedes layoffs. Until then, however, the 


formulation in Figure 1 will be used to sim- 


plify the exposition: 
The critical informational assumption of 
the model is that each worker’s ex post search 
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effort and consequent job offers (if any) are 
privately known only by that worker.’ 

Firms are ex ante identical and risk-neu- 
tral, and labor is the only variable input to 
production. The VMP of a worker who sup- 
plies A units of labor is 8h, where @ is the 
realization of a firm-specific shock; there are 
two equiprobable values of 8, @,, and Oy 
with 6, < Êy, where L(H) indexes the low- 
(high-) productivity state. Workers have 
identical tastes and technical ability. As in 
the traditional literature, they are assumed 
to have no consumption good endowment 
and savings are not allowed. 

Firms offer employment contracts to at- 
tract employees during the ex ante period 
which are designed to maximize expected 
profits, and workers choose among these 
contracts to maximize expected utility. A 
typical contract will be denoted by C= 
{(wr, hL) 7,.5,(Wy, hy)}. Under this con- 
tract employed workers are paid w, for h, 
units of labor when ĝ = 8; a worker is re- 
tained with probability r in the low-VMP 
state and hence laid off with. probability 
1—r; all workers are retained in the high- 
VMP state; and each laid-off worker is given 
the fixed nonnegative severance payment s.° 


>We also assume that each firm’s technology is ob- 
servable by the firm and its workers but not by others. 
This gives risk-neutral firms on informational advantage 
over external agents, so that job-related insurance is 
provided to workers by employers rather than insurance 
companies. 

°Observe that asymmetric inforniation has ruled out 
compensation conditional upon a worker’s search effort 
or outside job offer. 

We require severance pay to be nonnegative because 
of the enforcement (default) problems associated with 
negative severance pay; the implications of negative 
severance pay are, however, described later in Section 
II. Severance pay for workers who quit is prohibited 
here only to simplify the discussion; see Section I, Part 
D, and fn. 23. 

This list of contract parameters is not exhaustive. 
For example, we could allow firms to reemploy laid-off 
workers who are unsuccessful in finding alternative em- 
ployment. In this case, if layoffs are to have the desired 
off-the-job search incentive effects, firms will not reem- 
ploy workers at terms that make unsuccessful search a 
desirable outcome. Since the same moral hazard issues 
emphasized throughout this paper would arise here as 
well, our results do not depend substantially on such 
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PERIOD 1 
Workers choose among contracts specifying: 


h. = hours to be worked in the low-productivity state; 
hk = hours to be worked in the high-productivity state; 

Wi = payment to employed workers in the low-productivity state; 
WH = payment to employed workers in the high-productivity state; 
r= probability of being retained in the low-productivity state; 

$= severance payment to laid-off workers. 
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PERIOD 2 
Realization of labor productivity: 


Ge Oun} & < On. 


Firms make thelr employment decisions: 


if g = 8u, worker is retained with certainty; 


if @= 4, worker is retained with probability r and laid off with 


probability t-r. 


Workers make thelr search decisions: 


retained workers choose e{w, h) when @ = 6; 


laid-off workers choose e(s}. 


Searching workers receive job offers: 


retained workers who 
laid-off workers who < 


Production takes place. 


accept thelr best offer quit to work elsewhere; 


reject their best offer remain employed at their initial firm; 
accept their best offer become re~employed elsewhere; 


reject their best offer, or who receive no offers, remain unemployed. 


FIGURE 1 


The terms of employment offered by firms 
in the ex ante period will depend on what 
alternative opportunities are available to 
workers in the ex post period. We assume 
that there is a spot labor market character- 
ized by a wage distribution, but in which all 
jobs require the same number of hours h > 
0.’ Workers are concerned with the highest 


terms of reemployment. We have therefore chosen to 
omit them. 

"The assumption that all alternative jobs require the 
same number of hours could be removed at some in- 
crease in notational complexity. We again emphasize 
that we are concerned with constructing the simplest 
model illustrating the points at issue, rather than the 
most complete. 


wage they can find, and this in turn depends 
on their search intensity and whether they 
are employed while searching. 

We let F(z,e) and G(z,e) denote the 
distribution functions for the highest wage 
offers, z, given search intensity e, for those 
workers who are employed and unemployed, 
respectively; f and g are the corresponding 
density functions. F and G are assumed to 
satisfy: F(0,0) =G(0,0) =1; and F.,G, <0 
for z>Q. In words, a worker cannot effort- 
lessly receive an offer of employment; and 
the probability that his best offer will exceed 
z is an increasing function of his search 
intensity. 

Taking their employment status as given, 
workers choose the level of search effort to 
maximize their expected utility. After substi- 
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tution, the resulting maximum expected util- 
ity enjoyed by retained workers is simply a 
function of their wages and hours, U(w, h); 
similarly, the maximum expected utility at- 
tained by laid-off workers is a function only 
of their severance pay, V(s). Thus, dropping 


the common multiplicative factor 1/2, total 


expected utility from contract C is® 


W(C) =rU(w,,h,)+(—r)V(s) 
+ U(wy, hy). ` 


Taking account of workers’ search and quit 
behavior, firms’ profits per retained em- 
ployee are a function of the state @ and of 
the worker’s wages and hours, z(w,h,@), 
whereas the cost per laid-off worker is sim- 
ply the severance payment, s. Thus, total 
expected profit per employee is given by 


Z(C)=ra(w,,h,,6,)-(—r)s 
+ (Way; hy, 9:7). 


As workers are freely mobile in the ex ante 
market, competition among firms will drive 
expected profits to zero. Hence the equilib- 
rium contract is found by solving 


- (P)  maxW(C)s.t. Z(C) =0. 


The remainder of this section describes and 
interprets the first-order conditions of this 
problem. Among the questions we ask are: 
Under what conditions will the wage in the 
bad state be below that in the good state, 
that is, when will there be at least partial 
wage flexibility? When will those who stay 
with the firm be underemployed? And f- 
nally, if there are layoffs, when will laid-off 
workers be worse-off than retained workers? 
Until Section II, the retainment probability, 
r, is taken as given. 


Workers are assumed not to quit to search, that is, 
U(w;, h;) = V(0). This condition is assumed to be satis- 
fied, and will be ignored in the subsequent discussion. 
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A. Derivation of Expressions for 
Expected Utility 


To answer these questions, we must first 
derive explicit expressions for a worker’s ex- 
pected utility when he is retained and when 
he is laid off. A worker’s instantaneous util- 
ity function is given by a(w,h). When a 
worker is retained, his expected utility, 
u(w,h,e), is the utility from his current job, 
a(w,h), times the probability he stays with 
his ‘current employer (.e., does not get a 
better offer), plus the expected utility if he 
quits, o(x,e), times the probability of quit- 
ting, minus the disutility, B(e, h), of search- 
ing for a better job at intensity e:” | 


u(w,h,e) =a(w,h)F(x,e)+0(x,e) 


x(1- F(x,e))- Ble, h), 


where x = x(w, h) is the wage offer which 
makes the worker indifferent between quit- 
ting and staying, and is defined implicitly by 
a(w, h) =a(x,h), F(x, e) is the probability 
that a worker’s highest wage offer is less than 
x given on-the-job search intensity e, and 
the expected: utility of a worker who quits is 


o(x,e)= (S Kae) az\ 


(1- F(x,e)). 


We assume that a is a strictly concave func- 
tion satisfying a, > 0 and a, <0 and that £ 
is an increasing convex function of e satisfy- 
ing 8,20 and B(0,h)=0.2°" Severance 


*The additively separable structure and the imposi- 
tion of 8, =0 simplify the analysis but are otherwise 
inessential. 

The assumption, 2,20, is that an increase in 
hours worked cannot decrease the disutility of search 
effort. More than one interpretation of the model is 
possible and each involves a slightly different rationale 
for this assumption. 

Situations where an increase in hours worked leaves 
the worker with less time for search (or other nonwork) 
activities, obviously come to mind. One such interpreta- 
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pay for retained workers who quit is consid- 
ered later in Section I, Part D. 

Analogously, the expected utility of a laid- 
off worker who receives severance pay s and 
expends e on search equals 


v(s,e) PARE 
+ fre S e) dz- Be. 


where y = y(s) is the lowest acceptable wage 
offer and is defined by a(s,0)=a(y+s, h). 


tion of the model, where search and production occur 


together during an initial subperiod and where hours 
worked directly affect search disutility, is formalized 
below in fn. 11. 

Somewhat different interpretations are also possible. 
For example, suppose that each period is divided into 
two parts, a job-search period and a production period, 
and that a worker’s current employer is required to tell 
him at the beginning of the job-search period whether 
he will be retained for the production period. Contract 
design will then have to account for the effect of this 
announcement on workers’ behavior during the initial 
search period. In this case, with search preceding pro- 
duction, it is the substitutability of leisure during the 
search and production subperiods that results in 8, > 0. 

We now formulate a slightly different interpreta- 
tion of the events to show that whether search precedes 
or is concurrent with production is not critical here. 

Suppose the unit period is divided into 2 subperiods, 
of lengths ¢ and 1-1, such that workers supply labor 
and search during the first subperiod, and either quit or 
stay at the beginning of the second subperiod, and 
therefore 


u(w, hye) =t[a(w,h)-B(e,h)]+ (1-1) 

| x[a(w,h) F(x,e)+o(x,e)(1— F(x,e))]. 
Then, defining F=1+(1—1)F and f = tf, we get 
inde) sar teak 


That is, except for the circumflex “^,” this is identical to 
the expression for u(w, h,e) in the text, and hence our 
analysis of search and quits goes through in exactly the 
same way. Allowing different wage-hours packages in 
each subperiod would complicate matters without 
changing our main results—the provision of partial 
insurance and the possibility of under- or overemploy- 
ment with asymmetric search information. 


where F(0,0) =1. 
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In the absence of search, observe that 
u(w, h,0) = a(w, h) and v(s,0) = a(s,0). 

Retained and laid-off workers’ optimal 
on- and off-the-job search intensities are 
described, respectively, by e(w, h) = 
argmax u(w, h,e) and e(s) = argmax o(s, e). 
Hence their corresponding equilibrium util- 
ity levels are U(w, h) = u(w, h, e(w, h)) and 
V(s) = v(s, e(s)); and firms’ equilibrium quit 
and profit functions per retained worker are, 
respectively, : 


qg(w,h) =1—- F(x(w,h),e(, A)), 
a(w,h,8@) = (1—q(w, h))(OhA-w). 


The quit rate is a function only of the wages 
and hours offered on the job and equals the 
probability of funding a higher utility job 
given the optimally chosen search effort, 
e(w,h). Similarly, the job-finding rate for 
laid-off workers, 1— G( y(s), e(s)), is a func- 
tion only of the severance payment s. 


B. Wages and Production Efficiency 


In this section, we shall show how firms’ 
attempts to encourage mobility in the low- 
VMP sstate leads to incomplete insurance 
and, under normal conditions, to underem- 
ployment in this state. 

From the first-order conditions of prob- 
lem (P), with respect to wages and hours, we 
obtain 


(1a) U,,(w,, hi) _ w,(w,,h,,9,) 
U, (wy, hy) T, (Wg hy, by) i 
U, (wia h; TÈ Wi, Tya (Wis Ris 0i) 

(1b) 1, ( i ) 1 ( 0;) 
U, (wsh) T,(W; hi 9;) 8)” 


i= L, Hf. 


The solution to (P) thus equates agents’ 
marginal rates of substitution between wages 
across states, and between wages and hours 
within each state. Observe that these expres- 
sions measure the direct plus incentives-re- 
lated substitution possibilities among the 
terms of employment for workers and firms; 
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and that the latter indirect effects take into 
account the adjustment of workers’ search 
efforts and quit rates. 

Returning to the basic equations defining 
U and r, we can derive, for i= L, H, 


(2a) U,(w,,4;) = 
(2b) U,(w,,h;) = (1—4(;, Ai) ) an w,, hi) 
~ B,(e(w,, hi), hi), 
,(w,, hi, 0) = —(1— q(w, h,)) 
— A,9,,(;, hi), 
p8) = (1— q(w,, h,)) 9; 
— Aig (Whi), 


(2c) 
(2d) m(w; h 


where 


Notice that A, and — A, are respectively 
equal to workers’ implicit insurance pre- 
mium and indemnity. 

Immobile Labor. In this case our model 
generates the standard results of full insur- 
ance and production efficiency; that is, sub- 
stituting q(w,, h;) = 0 into (2), (1a, b) respec- 
tively simplify to 


a, (Wr, h,) Pe ay (Wy, hy), 


— U, (wi h;) —a,( wp hi) ': 
U,,(w;, h;) i a, (w; h;) Bi 


i= L,H. 


As expected, the equilibrium contract equates 
workers’ marginal utility of income across 
states and equates their marginal rate of 
substitution and marginal product in each 
state. Also, if either a is additively separable 
or the supply of labor is inelastic (h; = hp), 


Workers are immobile when they simply choose to 
forego search, setting e(w,h) = 0 and hence q(w, h) = 
0; this outcome is most likely when search costs are 
high and there are few well-paying jobs in the spot 
market. 


(1 = q (W; h,))a,,(;, h,), 
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we then get the well-known rigid contract 


wage result, wy = Wy. 

Mobile Labor: Incomplete Insurance. Sup- 
pose workers’ equilibrium quit rates are 
nonzero in both states. In this case, a higher 
contract wage reduces the expected return to 
on-the-job search and, as a result, retained 
workers’ search effort and consequent quit — 
rate fall when the wage is raised, that is, 
q,,(w;,h;)<0.° Thus, making use of the 
fact that A, <0 < Ay, (1a) and (2a,c) give 


(3) a, (wp hr) > (Wa, hy). 


That is, the marginal utility of income is 
higher in the low-VMP state than in the 
high-VMP state and, therefore, the optimal 
contract no longer provides complete insur- 
ance. 

Since workers who have searched unsuc- 
cessfully are indistinguishable from those 
who make no attempt to search at all, firms 
will in part use the contract wage as an 
incentive device. Thus, when firms are subsi- 
dizing retained workers in the low-VMP state 
as part of the insurance package, w, is low- 
ered (relative to the complete insurance situ- 
ation) to encourage them to quit; and when 
workers are being taxed in the high-VMP 
State, Wg is raised to discourage quits. In 
particular, if the utility function a is separa- 
ble, or labor supply is: inelastic, (3) gives 
Wr > wy. 


= =] — F(x,e) gives g,=—(F.x, + Fep) where 
> Q and F, > 0. From the definition of x(w, h), x, = 

wl; h)/a, (x, h) > 0; and from the f.o.c. u,(w, h, e) 
= 0, where 


a 


u,=a(w, h) E. (x,e)+ fa(z,h)f (202) dz 


-ß.(e, h) 


and x = xiw, h), we have e, = T ayw, h) F. / use Then 
Gy = — %,B where B= (F./a,)- F; 274. > 0 when the 
second- order condition, Hee < 0, is satisfied. 

14 Previous work has recognized that wages will likely 
be raised to discourage quits when profits are high or 
turnover is costly (for example, Steve Salop, 1979), but 
has failed to make the symmetrical argument when 
profits are low. Separability is sufficient but not neces- 
sary for a positive correlation between real wages and 
VMP’s. 
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Mobile Labor: .Underemployment. We now 
examine whether our model generates under- 
employment. In the present search context, 
however, it is not immediately clear how this 
term should be defined. In particular, is there 
underemployment when —U,/U,, <0, that 
is, when the marginal rate of substitution 
between wages and hours is less than the 
marginal rate of transformation, taking into 
account induced search; or is there underem- 
ployment when — a, /a,,<@, that is, when 
the MRS between wages and hours along the 
instantaneous utility function is less than the 
MRT? 

Since it is easier to establish results con- 
cerning the relative magnitudes of — U,/ U, 
and @, we henceforth use the terms under- 
and overemployment to describe situations, 
where —U,/U,< and >, respectively, 
and say production efficiency obtains when 
the two are equal.) 

When quit rates.are nonzero, (1b) and 
(2c, d) give 


~ U,( 4; h,) 
U,,(w;, h;) 
1+ Agy (Wis h,)/(i- q(™,, h;)) 


Earlier we noted that increasing wages re- 
duces quit rates. If increasing hours also 
reduce quit rates, so that q, < 0, we get 


(4) 


= U,(;, h;) >g 


5) ————— A-20. 
(5) U,,(w;, h;) oo 


Therefore, when increasing hours worked re- 


“From (2a,b), U,/U, = 0, /a, ~B,/[(L— 9) aw], 
and hence the two possible definitions of underemploy- 
ment coincide if B,=0, that is, if increasing hours 
worked does not affect the cost of searching (at any 
level of search effort). Normally, however, 8, > 0 (see 
fn. 10) in which case —U,/U,>-— a, /a,. Accord- 
ingly, when there is underemployment under the first 
criterion (taking into account induced search), there is 
underemployment under the second criterion; and when 
there is overemployment under the second criterion (..e., 
— a, /a,, > 9), there is overemployment under the first 
criterion. 
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duce quits, the equilibrium contract prescribes 
underemployment (to encourage quits ) in those 
states when workers are being subsidized, and 
overemployment (to discourage quits) when 
profits are strictly positive 161 

The property g, <0 is sufficient but not 
necessary for (5). A necessary and sufficient 
condition for (5) is that the compensated quit 
derivative, 


| dq dw 
een z of nk, 





U 
is negative; that is, there will be underemploy- 
ment (overemployment) in those states where 
profits are negative ( positive) if and only if 
workers’ compensated quit derivative with re- 
spect to hours is negative. 

To see this, we consider a perturbation to 
{w;, h;} which keeps workers’ expected util- 
ity in state i fixed and calculate the effect on 


firm profits. At the optimum 





dr] i j dw 
dh W dh | , 








ji es 
( Ww) a z 
Recalling that 
dw wii 
dh a ve w? 
and substituting, we can obtain 
(6) ~U,(;,h;) A; dq 
U,(w,h:) ° (1-4) dh, 


yielding the stated result. 


‘Analogous results concerning the relative magni- 


, tudes of a, /a, and @ follow straightforwardly with 


some obvious caveats (see fn. 15) and are omitted. 
These results are plausible yet appear to require 
da < 9. It is possible, however, that q, can be positive, 
even for well-behaved utility functions. There are two 
opposing effects at work (see the expression for q, in fn. 
18). On one hand, an increase in hours worked (at fixed 


. wages) makes the job less attractive, and this increases 


quit rates: On the other hand, if search is time-intensive, 
then a worker who works more has less time to search, 
and this reduces quit rates. 


ANNA ni miee 


ri rrr maa 
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In turn, it can be shown that?® 


dq es — BB, EBen 
dh|, Q-q) te’ 


ee 


(7) 








where B > 0 (see fn. 13), F, <0 and u,, < 0. 
Therefore, a sufficient condition in our model 
for the compensated quit derivative to be nega- 
tive is that both B, and B,, be positive, that 
is, that increasing hours worked increases both 
the total and marginal costs of search. Ob- 
serve that the compensated quit derivative is 
negative under less restrictive conditions than 
are required for q, <0.! Observe also that 
the equilibrium contract satisfies — U, /U, = 
6 and hence exhibits production efficiency 
whenever the compensated quit derivative is 
zero. 

The following two properties of these re- 
sults are noteworthy. First, the occurrence of 
under- versus overemployment in our mod- 
el does not depend on whether firms are 
risk-averse or, with reference to either 
u(w,h,e(w,h)) or a(w,h), whether leisure 
is a normal good, or finally, whether a(w, h) 
has a-specific functional form, such as a= 
u(w)— y(h) or a= p(w — y(h)).2 Whether 
there is under- or overemployment depends 


181 can be shown that gq, = — &,B+(EB,,/ Use) 
where, as in fn. 13, B= — q, /a,,. Also, from (2a,b), 








and therefore, substituting ¢,=-—a,B and the above 
expressions for g, and —U,/U,, into 


= + — 


j (T). 


Since qj, = — o,B— F. Beh / uee, Where a, < 0, (7) is 
negative under less restrictive conditions than are re- 
quired for q, <0. 

0See Russell Cooper, 1983; Hart, 1983; and Stiglitz, 


1986, for a description of the critical role of preferences: 


in generating production inefficiencies in models where 
the firm, but not the worker, can observe the state of 
nature. 
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_ instead only upon certain weak properties of 


the utility function (for example, £,, > 0) 
and upon the contractual availability o in- 
surance for workers (A, # 0). 

Second, (5)-(7) indicate that under rea- 
sonable conditions underemployment will 
occur only in states where workers are being 
subsidized, with the amount of underem- 
ployment positively related to the size of 
the subsidy; and that overemployment will 
be reserved for profitable states, with the 
amount of overemployment again respond- 
ing to the level of profits. Thus, as seems 
reasonable, underemployment occurs in bad 
times and overemployment in good times.” 


C. On Severance Pay 


Severance pay is oftentimes portrayed as 
the Achilles’ heel of implicit contract theory. 
The original models largely ignored sever- 
ance pay. Later work introduced severance 
pay but obtained the counterfactual result 
that workers prefer to be laid off rather than 
retained; that is, contracts which equate (ex- 
pected) marginal utilities of income across 
all states result in higher (expected) utilities 
among those on layoff, in which case one 
would expect contracts to contain reverse 
seniority layoff clauses. In this section we 
show, on the contrary, that under reasonable | 
conditions concerning labor mobility and 
preferences, laid-off workers are worse off 
than retained workers. Before presenting our 
results, we review the standard ones. 

The first-order conditions of problem P 
yield 


(8) = Up (wi, hi)/ Tuwi hi0) =Vks) 


whenever the optimal severance payment s- 
is strictly positive. (Later, we identify cases 
where s= 0.) Observe that when both on- 
and off-the-job search occur, (1), (2), and (8) 


7i By contrast, earlier models generated either under- 
employment in all high-VMP states except the highest 
(Azariadis, 1983; Grossman and Hart, 1981) or over- 
employment in all fow-VMP states except the lowest 
(V. V. Chari, 1983; Cooper, 1983; Jerry Green and 
Charles Kahn, 1983). 


eer nt tte ee aa 
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give 
a, (Ww, hr) >V,(s) >a, (7, Ay) 
| for A, <0<A,, 


which is the obvious extension of our earlier 
partial insurance result. 

Reverse Seniority. There are two versions 
of the reverse seniority result. First, suppose 
employed and laid-off workers are both im- 
mobile (do not search) so that (8) becomes 


(9) a,,(w,,h,) =a,(s,0). 


The optimal (insurance) contract equates 
the marginal utilities of income of retained 
and laid-off workers. Differentiating a, = 
constant, gives dw/dh=—a,,/a,,,, and 
hence da/dh=a,—-a,a,,/0,, for fixed 
a,,. Therefore, (9) implies that 


a(w,,h,) <(> )a(s,0), 


when leisure is a normal (inferior) good; and 


hence immobile workers prefer to be laid off 
when leisure is normal (Cooper, 1983; Stiglitz, 
1986). 

Second, suppose employed workers are 
again immobile, and that laid-off workers 
are now mobile but face uncertain job op- 
portunities. To simplify, suppose the utility 
function is separable, a(w, h) = u(w)— y(h). 
In this case, (8) again yields the result that 
retained and laid-off workers’ (expected) 
marginal utilities of income are equal, that 
iS, 


(10) p(w) =u (s)G(y,e) 


+ f w(s+z)g(z,e) dz, 
y 


where e=e(s). Equation (10) implies that 
u(w,) will be greater than (equal to, less 
than) 


n(s)G(y,e)+ f “p(s +2)g(z,e) dz, 


as u( )is an increasing (constant, decreas- 
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ing) absolute-risk-aversion utility function.” 
Thus, whenever search entails zero disutility 
and hours worked is not a variable, workers 
with decreasing absolute risk-aversion utility 
functions prefer layoffs with severance pcy. 

Costly Search. With costly search, how- 
ever, the presumption that laid-off workers 
are better-off no longer obtains. There are 
two reasons for this. First, if search costs are 
not “completely pecuniary” (i.e., do not en- 
ter the utility function only additively with 
income), then providing full-income insur- 
ance (by equating expected marginal utili- 
ties) will not fully compensate for the costs 
and risks of search. Second, retained workers 
in low-VMP firms will, we have argued, typi- 
cally have their hours reduced to encourage 
them to search more; as a result, hours may 
be reduced below the “standard” hours at 
alternative employment so that, even with 
full-income insurance, retained workers’ ex- 
pected utility may be higher than that of 
laid-off workers. 

To see these results, first suppose every 

laid-off worker can effortlessly (with e = 0) 
secure a new job which pays z for h; since 
there are no incentive problems here, the 
optimal severance payment will satisfy 
(11a) a, (We, hz) =a,(s+z,h). 
It then follows that laid-off workers will be 
worse-off when leisure is normal whenever 
the spot job entails more work (h>h,). 
Now, suppose instead that this alternative 
job can be secured only by exerting some 
fixed effort @>0; assuming thet laid-off 
workers choose to search, retained workers 
are better-off when 


a(w,,h,)>a(s+z,h) 


— B(2,0). 


(11b) 


2 Whether the expected utility of inceme is greater 
or less for laid-off than for retained workers depends 
upon whether utility is a concave or convex function of 
marginal utility. Recognizing that s+z is a mean 
marginal utility preserving spread of w;, this result 
follows as a corollary to Peter Diamond and Stiglitz, 
1974. See also Haruo Imai, John Geanakoplos, and Ito 
Takatoshi, 1981. 
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Whenever search costs are in part nonpecu- 
niary, it is clear that (lla) and (11b) can 
both be satisfied under a wide range of con- 
ditions. 

Thus, in the special case where employed 
workers are immobile we have the following 
result: Provided i) search costs are nonpecu- 
niary (and accordingly, severance payments 
do not fully cover them), i) leisure is nor- 
mal, and iii) there are significant probabili- 
ties of being reemployed elsewhere at jobs 
requiring at least as much work as at their ex 
ante firms, laid-off workers will be worse-off 
than retained workers; and this will be true 
‘even in the presence of decreasing absolute 
risk aversion. 

More generally, when the disutility of 
search is not an additively separable compo- 


nent of utility and retained workers also - 


search on the job, it is clear that one can 
infer little from (8) about the relative magni- 
tudes of U(w,, h,) and V(s). 


D. Severance Pay for Retained Workers 


Our results are not substantially altered if 
firms provide severance pay for retained 
workers who quit in bad states. Such sever- 
ance pay would be used to encourage quits. 
However, so long as reducing hours worked 
reduces the cost of on-the-job search, under- 
employment will still occur in low-VMP 
states; so long as reducing wages increases 
the return to search, firms will not provide 
complete income insurance; so long as search 
costs are not completely additive with in- 
come, the severance pay will not fully com- 
pensate for effort expended on search; and 
finally, so long as there is imperfect informa- 
tion about job offers, the distortions we de- 
scribed earlier with respect to quit behavior 
will remain.” 


Suppose firms pay b to workers who quit. In this 
case, only those workers who receive an outside offer 
z2 x~ b will quit, where x = x(w, h) is again defined 
by a(w, h) = a(x, h). As a result, u(w, h,e) is replaced 
by 


u(w,h,e,b) =a(w,h) F(x—5,e)+0(x,e,6) 


x (1— F(x— b,e))—-B(e,h), 
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II. Endogenous Layoffs 


The previous section established that, with 
an exogenous layoff rate, the employment 
contract will underemploy workers in the 
bad state and provide only partial insurance 
to encourage workers to quit. In this section 
we shall argue that, under reasonable condi- 
tions, low-productivity firms will in fact 
choose to lay off some but not all of their 
workers. 

Since workers in our model are technolog- 
ically identical, and since hours per worker 
and the number of workers are -perfect sub- 
stitutes in production, differential productiv- 
ity and technological arguments for layoffs 
have been ruled out.** In this section we 
show that the layoff rate will tend to be high 
when. off-the-job search is relatively more 
efficient than on-the-job search and that quits 
will be the preferred mode of separation 
when on-the-job search is effective. These 
results are robust; they hold whether or not 


where 
o(x,e,b) =f a(z +b,h)f(z,e) dz/ 


(1- F(x- b,e)). 


Hence the optimal search intensity and resulting quit 
rate are given by 


e(w,h, b) = argmaxu(w,h,e,b), 
a(w,h,b) =1— F(x - b,e(w,h, )), 


where q, > 0. Similarly, the resulting utility and profit 
functions are given by 


U(w,h,b) =u(w,h,e(w,h,b),b), 
a(w,h,b) 7 (1— q(w,h,b))(@h—w)— q(w,h,b)b. 


As U, and U, are again described by (2a,b), and 2, 
and m, by (2c,d), where A=ĝh—w +b, our earlier 
results on wages and production inefficiencies go through 
exactly as before. See Ito, 1986; and Charles Kahn, 
1985, for further results on quits and severance pay. 

*4See Ken Chan and Yannis Toannides, 1982; Mark 
Lowenstein, 1983; Rosen, 1985; Andrew Weiss, 1980; 
and Stiglitz, 1986. 
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the firm provides severance pay and whether 
layoffs precede or follow quits. 

We begin by formulating a general model 
using the structure and notation of the pre- 
ceding section; this model allows us to iden- 
tify the principal determinants of the equi- 
librium layoff rate and to verify that whether 
layoffs precede or follow on-the-job search is 
not a critical factor. Section II, Part B par- 
ticularizes the model to derive specific re- 
sults. 


A. A General Formulation 


Suppose the ex post period is divided into 
two subperiods, of lengths ¢ and 1— 1, such 
that workers can search and work in both 
subperiods in exactly the same manner as 
described earlier in Section I. Layoffs, mean- 
while, can occur only once, at the beginning 
of either the first or second subperiod. We 
consider two cases; (all) layoffs precede quits 
(LQ) when layoffs occur at the beginning of 
the first subperiod (see Figure 2(a)) and 
(some) quits precede layoffs (OL) when lay- 
offs occur at the beginning of the second 
subperiod (see Figure 2(b)). Section I consid- 
ered the special case LQ with ¢ =1. 

Earlier we let U = Fa+(1~- F)o —B de- 
note the expected utility of a retained worker 
where 1— F is the quit rate that results with 
the optimal search effort. Now, using super- 
scripts to denote subperiods (i =1,2) and 
subscripts to denote states (j= L, H), we 
adapt this notation and the corresponding 
expression for laid-off workers as follows. 
Let tU} and (1—1)U7, where Uf = ai F} + 

o;(1 _ D Bi, respectively, denote the ex- 
pected utilities of a retained worker in state 
j and in subperiods 1 and 2; and let V+ and 
(1—r)V?, defined analogously, respectively 
denote the expected utilities of a laid-off 
worker in subperiods 1 and 2. 

When layoffs precede quits, total expected 
utility is 
(12a) W'2=rU,+(1—r)V + Uy, 
where U,, V, and Û,, are the expected utili- 
ties of a worker conditional on his being 


retained in the low-VMP state, laid off in the 
low-VMP state, and retained in the high- 


ARNOTT ET AL.: IMPLICIT CONTRACTS AND UNEMPLOYMENT 1057 


(a) Layoffs Precede Quits (LQ) 
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(b) Quits Precede Layoffs (QL) 3 


FIGURE 2 


VMP state, respectively, at the beginning of 
the first subperiod. Employing the notation 
introduced above, we have 


Ô = 1} + (1-1) | FU? + (1 Fo] 
J=L,H, 


V=WV'+(1-1)[@v2+(-G@)o}]. 

For example, the expected utility of a worker 
retained at a low-VMP firm equals his ex- 
pected utility in the first subperiod, tU}, 
plus the expected utility in the second subpe- 
riod conditional on having quit during the 
first, (1 — t)a}, times the probability of quit- 
ting during the first subperiod, (1 — F}), plus 
the expected utility in the second subperiod 
conditional on having not quit during the 


meer 
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first, (1—1)U?, times the probability of stay- 


ing throughout the first subperiod, F}. Total’ 


expected profit per worker is 


(12b) Z'!=re,—-(1—-r)st+ ty, 


where # = tr} +(1—t)F/m?, and a= 
Fi(O;hj — wj). 

When the layoff decision is made at the 
beginning of the second subperiod, so that 
quits precede layoffs, total expected utility is 


(13a) W2et=1U}+(1-t) 


x {Fi [ruz +(1—r)V?] 
+(1- F?) o} } F Gis 


Observe that all workers at low-VMP firms 
are retained during the first subperiod and 
that from among those who stay to the sec- 
ond subperiod, a fraction (1 — r) are laid off. 
Total expected profit per worker is 


(13b) Z2*=ta}+(1-1) 
x F}[ ra? ~(i- r)s| + fy. 


The optimal contract when layoffs precede 
quits is found by maximizing (12a) subject 
to the constraint that (12b) is zero; and the 
optimal contract when quits precede layoffs 
is found by maximizing (13a) subject to the 
constraint that (13b) is zero. Whether the 
equilibrium contract prescribes layoffs be- 
fore or after on-the-job search is determined 
by comparing the solutions to these two 
problems. Fortunately, as shown below, it is 
not necessary to make this comparison to 
determine whether layoff rates are ever posi- 
tive. 

When layoffs are absent, so that the re- 
tainment probability equals one, the payoffs 
for workers and firms are the same whether 
layoffs precede or follow quits; that is, at 
r =1, (12a) and (13a) are the same and (12b) 
and (13b) are the same. Therefore, if the 
optimal layoff rate is positive for one se- 
quence of events and is zero for the other, 
workers must strictly prefer the sequence that 
delivers the positive layoff rate. In particular, 
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therefore, the optimal contract when layoffs 
precede quits strictly dominates the optimal 
contract when quits precede layoffs when- 
ever the former prescribes layoffs but the 
latter does not. 

Although the determinants of layoffs when 
layoffs precede and follow quits are differ- 
ent, sufficient conditions for r <1 under el- 
ther sequence are also sufficient when the 
sequence is itself a choice variable. As a 
result, we can investigate each case sepa- 
rately. 

When layoffs precede quits, the derivative 
of the Lagrangian corresponding to (12), 
L'2=W2+rZ*2, with respect to the re- | 
tainment rate is , 


where A is the multiplier corresponding to 
the zero-expected profit constraint and, from 
the other first-order conditions, is inter- 
preted as the marginal utility of income. 
Retaining an extra worker has two effects: it 
makes that worker better off by U; — V; and 
it increases the firm’s subsidization costs in 
the low-productivity state by —(#,+5) 
which, since this cost is passed on, lowers the 
expected utility of all workers. 

Thus, taking the other contract parameters 
as given, we expect more efficient on-the-job 
search to increase the benefit of retaining an 
extra worker by raising the expected utility 
on the job, U,, and to decrease the cost of 
retaining an extra worker by inducing more 
quits and hence lowering the expected sub- 
sidy, — #,. By contrast, we expect more ef- 
ficient off-the-job search to decrease the ben- 
efit of retaining an extra worker by raising 
the expected utility off the job, V. Therefore, 
as off-the-job search becomes relatively more 
efficient, we expect that the equilibrium mix 
of quits and layoffs will' shift from mostly 
quits to mostly layoffs.” Section Il, Part B | 


*>This shift will be continuous and interior solutions 
(0 <r <1) will result if workers’ total expected utility is 
strictly concave in the retainment rate, mutatis mutan- 
dis; this function will normally be strictly concave due 
to the strict concavity of the underlying instantaneous 
utility function, a{w, h) (see Section II, Part B). 
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and the Appendix, (Part A) derive these 
results using a version of the above model 
_ that entails a specific formalization of the 
notion of “more efficient search.” 

When quits precede layoffs, there are three 
factors at work determining the layoff rate: 
First, there is the insurance-mobility-cost 
tradeoff described above that is the sole de- 
terminant when layoffs precede quits. Sec- 
ond, there is the screening effect of on-the-job 
search which tends to decrease the layoff 
rate. When workers differ in their search 
ability, allowing on-the-job search to precede 
layoffs screens out the efficient searchers and 
leaves the least mobile workers behind. In 
effect, this initial screening makes subse- 
quent off-the-job search less efficient, on 
average, which in turn makes subsequent 
layoffs less attractive. Finally, there is the 
incentive effect of layoffs which tends to in- 
crease the layoff rate. Allowing layoffs to 
follow on-the-job search will make workers 
initially search more intensively on the job 
because unsuccessful search exposes them to 
the subsequent risk of being laid off; thus, 
by inducing quits and thereby decreasing the 
number of subsidized workers at low-VMP 
firms, the benefits of layoffs should be en- 
hanced. 

These incentive and screening effects are 
unique to contracts which prescribe on-the- 
job search before layoffs because, in this 
situation, search effort during the first subpe- 
riod will depend on the retainment rate dur- 
ing the second (see Figure 2(b)). The deriva- 
tive of the Lagrangian corresponding to (13), 
LE! = WÈL + A ZÈL, with respect to the re- 
tainment rate is 


(14b) 
ðL 2 


= (1-1) F}[U2?-Vv2+A(a7+5)| 


av? 
+a-na-ne{ S| 
+ A 1 +(1-t) 


xla- -vs 2)}. 
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Conditional on not quitting during the first 
subperiod, the first term in (14b) represents 
the same net benefit described earlier in 
(14a). The second term in (14b) represents 
the screening effect and the third term repre- 
sents the incentive effect. An example in the 
Appendix (Part B) details these effects and 
confirms their predicted signs. 


B. The Equilibrium Layoff Rate 


In this part and the Appendix we examine 
some special versions of our general formu- 
lation. In all instances, we assume that work- 
ers’ preferences and search technologies are 
characterized as follows: 


ASSUMPTION 1: The search disutility func- 
tion takes on the form B(e, h) =e; with B, =0 
we know, from (6) and (7), that long-term 
and spot employment contracts will exhibit 
production efficiency. 


ASSUMPTION 2: The income-leisure utility 
function takes on the special form a(w, h) = 
u(w — h2/2), where 2(0)=0. We shall refer 
to w—h*/2 as the “net income” of a job, 
that is, the wage income net of labor costs. 
Since production efficiency implies — a,/a,, 
=, workers will supply h,= 0, hours when 
96=6. Thus, a(w,, h,) = p(w, — 67/2) in 
equilibrium. Observe that the assumed form of 
the utility function implies hy > h; and hence 
results in work-sharing, 


ASSUMPTION 3: We consider the following 
special case of the search process introduced 
earlier: An employed (laid-off) worker either 
expends at least e,, (€o) to become fully 
informed of all employment opportunities, or 
foregoes search and remains uninformed (and 
immobile). The requisite effort levels, e,,, and 
Core, are fixed for each worker but can vary 
across workers with the same employment sta- 
tus. - 


Assumption 3 allows us to endogenize work- 
ers’ alternative job offers in the ex post spot 
market as follows. 

With firm-specific shocks and constant re- 
turns, there will always be a group of high- 
VMP firms that is willing to hire workers on 
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spot contracts. Since all searching workers 
have perfect information, the resulting ex 
post equilibrium must conform to the classi- 
cal zero-profit competitive outcome; hence 
all spot contracts must pay z = 67, for h = 0, 
units of labor, so that a(z, h) = p(0}/2). 

Thus, using our earlier notation, the on- 
the-job search technology corresponding to 
Assumption 3 can be formally described as 
follows: 


1 z>0, e<e,, 
 F(z,e)=—-(1 220%, e2 em 
0 z<67, e2e,,, 


where F(z,e) is the probability that a 
worker’s best offer is z or less, given search 
effort e on the job. The off-the-job distribu- 
tion function, G(z, e), is described similarly 
with e,, replacing esn 

Layoffs Without Quits.” In this subsection 
we assume that layoffs precede quits and 
search occurs at most once (f=1), that 
workers are identical (the search cost distri- 
butions are degenerate), and that e,.> 
p(03/2) while e.¢=é<p(6;/2). In this 
benchmark case, it is clear that retained 
workers will choose to forego search (and 
not quit); the Appendix allows nondegener- 
ate cost distributions, so that some retained 
workers quit, and compares situations where 
layoffs precede and follow quits. 

If laid-off workers chose to forego search, 
so that V(s)=yp(s), it is as if they are 
immobile; and, when laid-off workers are 
immobile, it is easy to show that the optimal 
layoff rate is zero.*’ Hence layoffs occur only 
when the level of severance pay is set so that 
laid-off workers search. Retained and laid-off 


°a more detailed exposition of the material in this 
section, including some omitted proofs, is contained in 
Arnott, Hosios, and Stiglitz, 1983. The model in this 
section resembles Baily’s, 1977. 

?TThis is because a contract that pays w for h hours 
to retained workers, pays s to immobile laid-off work- 
ers and uses the retainment rate r<1 is dominated 
by the contract that pays nv+(1—r)s for rh hours 
to retained workers and retains all workers, that is, 
r(Gh — w)}— (i — r)s = Orh — [rw + (1 ~ r)}s] while 
ra(w, h)+(1— r)a(s,0)) < a(rw +(1—r)s, rh). 
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workers’ expected utilities are therefore, re- 
spectively, U(w,, h;) = Cw, E 07/2) (i w 
L, H) and V(s) = p(s + 67/2) — ê. Since the © 
equilibrium contract maximizes total ex- 
pected utility, 


W = ru(w, — 67/2) +(1—-r) 


x(u(s + 02/2)-ê)+u(wy- 02/2), 


subject to the zero-expected profit con- 
straint, 


Z=r(0?—w,)—-(1—r)s + (62 —w,) =0, 


we see that employed workers will receive 
full insurance, that is, w’(w, — 92/2) = p’(wy 
— 67/2). If, as we assume here, negative 
severance payments are not permitted, it can 
be shown that the equilibrium value of s 
must be zero.” (Negative values’ are dis- 
cussed below.) 

The model’s remaining equilibrium prop- 
erties are derived as follows: Solving Z= s 
= 0 and w; — 07/2 = wy — 07, /2 gives: 


w; — 67/2 = (r0? + 67) /2(1+r) =8(r), 


so that workers’ expected utility W can be 
rewritten as 


W(r,é) = (1+r)p(8(r)) 
+(1~r)(u( 04/2) — ê). 


Observe that W,, < 0 for 0 <r <1. There are 


8Since (04 /2)— ê> p(0) = 0, every laid-off worker 
will search when s= 0. To verify that s=0, note that 
wr ~ 07 /2 = wy — 8/2 and 67 > 67 imply 64 — wy > 
6? — w, so that Z=0 and s20 give bf — wy 20. 
Therefore, in equilibrium, the profit per employee at 
high-VMP firms with this implicit contract is greater 
than or equal to zero, while the profit per employee at 
firms with spot contracts is zero. Since the spot contract 
maximizes p(s + w — h?/2) subject to 0,,h — w = 0, and 
since the optimal implicit contract maximizes (wy ~ 
h2, /2) subject to 0,,h;, — wy = e, for some e>0, s>0 
implies u(s + 62 /2) > {wy — 07/2). Hence a nonposi- 
tive s value is required to equate retained and laid-off 
workers’ marginal utilities of income, p’(w,, — 67/2) 
and p’(s + 6% /2). 
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FIGURE 3 


two corner solutions to consider: if W,<0 
at r = 0, no one is retained; and if W, > 0 at 
r=1, everyone is retained. To determine 
when these solutions occur, define the criti- 
cal effort levels, e (82) and e,(87) by the 
first-order conditions 


W,(1,e,(82)) =0 = W,(0, e,(82)). 


These effort levels are represented in Figure 
3. Thus, if é>e,(07), r=1; if ê< e (8È), 
r=0; and if e,(82)<é<e,(0?2), 0<r<1 
and it can be shown that dr/dé>0 and 
dr/d6, > 0. : 

The tradeoff between risk-sharing consid- 
erations and search costs is clear. When off- 
the-job search becomes less expensive and 
hence more efficient, or the negative produc- 
tivity shock becomes larger (as @, falls), the 
balance tips toward layoffs and search, and 
away from work-sharing; any combination 
of é and 6? below (above) the shaded area 
in Figure 3 involves layoffs (work-sharing) 
and no work-sharing (layoffs).”’ For interme- 


” These corner solutions are familiar: when workers 
are freely mobile (ê= 0), one-period implicit contract 


diate values of ê, however, some workers are 
retained to work-share in the low-VMP state 
while the remainder are laid off with zero- 
severance pay and undertake search. 

On Severance Pay (Again). With constant 
returns to labor and identical workers, one 
might have conjectured that the equilibrium 
employment contract would treat all work- 
ers identically ex post, and hence that the 
equilibrium layoff rate must be a corner so- 
lution, either zero or one. In fact, of course, 
interior solutions are possible, as demon- 
strated above. 

Thus far we have restricted severance pay 
to the nonnegative (due to enforcement 
problems) and hence one might have conjec- 
tured further that the binding nonnegativity 
constraint in our analysis is the source of the 
interior solution. It can be shown that this is 
not in fact the case: When negative severance 
pay is allowed, there is full insurance and 
interior layoff solutions (0 <r <1) are possi- 
ble whenever search involves some nonpecu- 


models must replicate spot auctions; and when workers 
are immobile (é > (67, /2)), the concavity of p ensures 
that work-sharing strictly dominates layoffs. 
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niary and hence uninsurable costs. With com- 
plete insurance and only pecuniary search 
costs, however, the equilibrium layoff rate 
simply implements the standard “first-best” 
allocation (r = 0 or 1).*° 

Layoffs with Quits. The model -described 
above was structured so that there would be 
no on-the-job search (and hence no quits). 
This model allowed us to identify a simple 
inverse relationship between the cost of off- 
the-job search and the equilibrium layoff 
rate and, as a special example, confirmed 
that interior layoff solutions are a feature of 


the general class of models described earlier 


in Section II, Part A. Nevertheless, this model 
failed to capture the tradeoff between volun- 
tary separations (quits induced by lower pay 
and underemployment) and involuntary sep- 
arations (through layoffs). 

In the Appendix we allow quits and de- 
scribe the factors that determine the equilib- 
rium mix of quits and layoffs. To capture the 
sorting effect of quits in the simplest way, we 
modify the above model by assuming that 
search costs differ among workers. In partic- 
ular, we assume that immediately after learn- 
ing his employment status, each retained 
worker draws a private value for e,n from a 
distribution with c.d.f. I(e an); and each laid- 
off worker draws a private value for e,r 
from a distribution with c.d.f. J(e gp). (Re- 
call, retained (laid-off) workers must expend 
€ Zen (2er) to find alternative employ- 
ment.) 

Although quits expose workers to less 
down-side risk and induce voluntary sorting 
when workers differ in the ability at search, 
we show that layoffs are doubly beneficial: 
layoffs force workers to search off the job, 
which is likely more efficient that on-the-job 
search; and, when on-the-job search pre- 


3 That is, no (all) workers are laid off at low-VMP 
firms if the return from staying is greater (less) than the 
return from alternative employment net of search costs, 
that is, if 67/2>(<)83/2-é, where 67/2 is a 
worker’s net income from employment (w — A* /2) when 
his MRS between wages and hours equals the MRT 
(h=%) and he is paid his marginal product (w = 6, 
h=6?). 
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cedes layoffs, they induce more intensive on- 
the-job search and hence more turnover at 
low-productivity firms. The former benefit is 
highlighted in Part A of the Appendix, by 
comparing the effects of different J( ) and 
J( ) distributions on the layoff rate, using a 
version of the model in which layoffs pre- 
cede quits; the latter incentive effect of lay- 
offs and the companion screening effect of 
on-the-job search are highlighted in Part B 
with a version of the same model in which 
quits precede layoffs. Since workers prefer 
the quit-layoff sequence whose optimal con- 
tract prescribes layoffs, however, the analy- 
ses in this section and in the Appendix indi- 
cate that whether layoffs precede or follow 
quits, one should nevertheless expect to ob- 
serve both quits and layoffs at low-produc- 
tivity firms. 


Iii. Concluding Remarks 


A complete theory of unemployment 
should answer the following questions: How 
do we explain the degree of observed wage 
flexibility? How do we explain the form of 
employment changes, for example, variable 
hours versus layoffs? How do we explain 
which workers get laid off? How do we ex- 
plain the level of severance pay? Why does 
severance pay not fully compensate laid-off 
workers? Why do workers prefer to be re- 
tained rather than laid off? Why are some 
unattached workers unable or unwilling to 
secure employment elsewhere? 

While existing implicit contract models 
answer some of these questions, they fail to 
answer others and, in some instances, yield 
counterfactual implications. We have argued 
that costly search coupled with firms’ inabil- 
ity to monitor workers’ search activities can 
provide insights into each of the questions 
listed above; they can explain partial wage 
insurance, underemployment at low-VMP 
firms, layoffs, and quits, sluggi-h interfirm 
mobility, and equilibrium unemployment. 

A complete theory of unemployment 
should also indicate whether the allocation 
of resources is efficient. From the literature 
on equilibrium with incomplete markets and 
imperfect information, it should be evident 
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that although the equilibrium contracts de- 
scribed in this paper are “locally efficient” 
(i.e. given the actions of all other firms 
in the economy, these contracts maximize 
workers’ expected utility subject to a zero- 
profit constraint), the market equilibrium, 
and the corresponding “natural rate” are 
generally not constrained Pareto-efficient.*! 

To summarize: By highlighting the impli- 
cations of private search information, this 
paper has resolved several of the outstanding 
conundrums in the implicit contract litera- 
ture and has also provided a unified treat- 
ment of variable hours, layoffs, severance 
pay, quits, and unemployment. The reason 
why it is necessary to formulate a model 
which incorporates all of these features 
should be apparent; without doing so, one 
cannot be sure that whatever results one 
obtains are not due to artificial restrictions 
(for example, that there is no severance pay, 
no on-the-job search, or that layoffs precede 
search on the job). 

Our model can be viewed as an extension 
of the standard theory to take into account 
that what is at risk is not being laid off, 
per se, but rather being laid off and not 
rehired. As an extension of this earlier the- 
ory, however, some common issues remain; 
how, for imstance, are such contracts en- 
forced? While these problems remain impor- 
tant, their resolution will not, we believe, 


"The term constrained Pareto-efficient is used to 
indicate that the planner confronts the same informa- 
tional problems as do private agents. 

Arnott and Stiglitz, 1985, have shown that implicit 
contracts with job turnover are not constrained Pareto- 
efficient because of the externality exerted by firms’ 
wage/employment decisions, via their effect on work- 
ers’ savings behavior, on other firms’ profits. Two related 
problems should also be mentioned: First, although we 
have not formally modeled the micro-structure of search, 
it is clear from the work of Peter Diamond, 1982, and 
Dale Mortensen, 1982, that were we to do So, a variety 
of search externalities could also arise. Second, with 
risk-averse individuals and more than one commodity, 
the market equilibrium with limited risk markets will 
not in general be constrained Pareto-efficient; building 
on work by David Newbery and Stiglitz, 1982, Hosios, 
1984, describes the welfare economics of employment 
contracts when risk markets are incomplete. 
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alter the qualitative insights provided by our 
analysis. 


APPENDIX 


In this Appendix we examine different versions of 
the model described in Section II, Part B; to simplify 
the remaining analysis we ignore severance pay. 

A. Layoffs Precede Quits. We assume that immedi- 
ately after learning his employment status, each worker 
draws a private value for e,n if he is retained or e,m if 
he is laid off. We suppose that retained workers’ esn 
values are drawn from a distribution with continuous 
c.d.f. I(e,,) and support [0,2(62 /2)] and that un- 
attached workers’ e g values are drawn from another 
distribution with the same support and a possibly dif- 
ferent mean value é. 

Assuming once again that retained workers search to 
quit (rather than quit to search) and substituting the 
equilibrium labor supplies h; = 6,, agents’ expected util- 
ities are again described by W(C) and Z(C) as in 
Section I, except that 


U(w, hi) = (1— 1(x:)) 2 (4 ~ 67/2) 


+1(x;)u( 3/2) ~ fedre), 


V(0) = (62/2) -é, 
a (w h0) = (1-1(x:)) (6? - w). 


where x, = #(07,/2)— p(w, — 67/2) > 0. x; is the dif- 
ference in utility from employment in a new job com- 
pared to that in the current job; hence, on-the-job 
search is: profitable if and only if e,,<x,;. Thus, re- 
tained workers quit with probability /(x;) while all 
laid-off workers seek and find employment.%? 

As we have emphasized, there are two different ways 
for workers to leave low-VMP firms, by quits or layoffs. 
The former has the advantage of selecting workers with 
the lowest e,, values for search; the latter has the 
potential advantage of forcing workers to use a rela- 
tively more efficient off-the-job search technology and 
of generating mobility even with close to full insurance. 
To illustrate these effects and the possibility of an 
interior layoff solution, we evaluate the derivative of the 


32 That is, since p(0) = 0, it always pays a laid-off 
worker to search since 1(07/2)—e20 for all e in 
[0, (84/2). Also, note that, in the present model, 
lowering wage w; encourages quits by raising the maxi- 
mum search effort level x, consistent with a profitable 
move; thus, as before, ¢g, <0 and hence our basic 
incomplete insurance result, (3), holds here as well. 
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Lagrangian, L =W + AZ, where 


dL 


sie K -1(x1))x + [edt o] 


ys [AG =1(x1))(@ —w,)] ; 


This is a special case of (14a). 

If, at one extreme, off-the-job search is costless (ê = 
0), aL /ar is strictly negative because the first and last 
terms are strictly negative (since w; > 67) while the 
middle term is zero; thus all workers are laid off. If, at 
the other extreme, on-the-job search is costless so that 
I(x) =1, dL/@r is strictly positive because the middle 
term is positive while the first and last terms are zero; in 
this case all workers are retained. 

We conclude that preferences and search technolo- 
gies can always be found such that the equilibrium 
layoff rate is positive at low-productivity firms. If, in 
addition, d*L/d’r <0, the equilibrium layoff rate will 
generally be less than one; that is, some workers are 
retained and so quits accompany layoffs. {L will typi- 
cally be concave in r because of diminishing marginal 
utility of income or (while outside the present model) 
diminishing returns to labor). 

B. Quits Precede Layoffs. We now illustrate the 
screening and incentive effects that occur only when 
quits precede layoffs. The main features of the model in 
Part A are unchanged except that the ex post period is 
divided into two subperiods of equal length (¢ =1/2). 
At the beginning of the first subperiod, after VMP 
values are realized, all workers are retained, their € n 
values are realized, and they search on the job; some of 
these workers quit to work elsewhere. At the beginning 
of the second subperiod, a fraction of the remaining 
workers are laid off and the rest are retained; laid-off 
workers’ ej, values are realized and they search off the 
job. To simplify we assume that on-the- -job search takes 
place only during the initial subperiod.? 

Under these assumptions, the expected utility of a 
worker at a low-VMP firm equals 


a x 
(1~1(x2))O + 1(xz)u( 64/2) — [°° (e/2) ate), 
where I(x, ) is the probability that the worker quits, 
= (1/2)[ (wz — 62/2) + u(y ~ 97/2) 


+(1-r)v(0)}, 
V(0) =p( 67/2) — (xz), 


3-To make models where layoffs precede and follow 
search comparable, it should be the case that if retained 
workers can search N times in one situation, then they 
can do likewise in the other situation. In our simple 
examples, N =1. 
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w, is the wage paid to workers who remain with the 
firm, and ê(xz ) is the expected off-the-job search cost 
of workers whose on-the-job cost exceeded x, during 
the initial subperiod. The corresponding expected profit 
per worker equals 


(1/2)(1— 1x1) [(@2 - 2) + (62 — @,)]. 


Differentiation of the corresponding Lagrangian L es- 
tablishes that w, = wz. 

Suppose workers prefer to be retained during the 
second subperiod, that is, p(w, —67/2)>V(0) (see 
Section I, Part C). Ignoring the common factor 1/2 and 
differentiating L gives 


Go = = 1) wm - 62/2) - V0) + (62 - w.)] 


| dV 
+0- Nas +A(1+r)(6? —w,) 


This is a special case of (14b). The first term is stan- 
dard; it equals the expected benefit for workers, 
(1— IXu —F), minus the expected cost for firms, 
(1— I)A(w, — 97), of a marginal increase in the retain- 
ment probability r. The second term is more interest- 
ing; it measures the net marginal benefit of increasing 
the retainment probability that comes about through 
the induced change in search, 

To sign the second term, observe that increasing the 
on-the-job search cost below which workers quit, xz, 
increases the likelihood that a worker will initially quit; 
hence dI/dx, > 0. Observe also that the initial subpe- 
riod of employment screens out the lower on-the-job 
search cost workers; since it is most likely that workers 
who did not initially quit because of high on-the-job 
search costs will also experience high off-the-job costs, 
we assume that dé@/dx, > 0 and therefore that dV/dx, 
<0, Finally, since u > V, increasing the retirement rate 
increases the payoff, ru+(1—r)V, to unsuccessful 
search on the job; hence increasing the retainment rate 
will cause a worker who was initially indifferent to 
forego search, so that dx, /dr < 0.4 Thus, 8V/dr z0 
and dI/dr < 0; in this example, therefore, when on-the- 
job search precedes layoffs, the screening effect of on- 
the-job search decreases the layoff rate and the incentive 
effect of layoffs increases the layoff rate. 


“Since 2(02,/2)-U is a positive nondecreasing 
function of x, that intersects x, = x, from above, and 
since raising r decreases ».(87,/2)— U for each x, value, 
it follows that the solution of x, =2(6;/2)— U isa 
decreasing function of r. 
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The Stabilization of the U.S. Economy: 
Evidence from the Stock Market 


By MATTHEW D. SHAPIRO* 


Is the apparent stabilization of the post- 
war U.S. economy a “Figment of the Data,” 
as Christina Romer suggests in an important 
series of papers?! The answer to this ques- 
tion has clear and important implications for 
macroeconomic analysis and policymaking. 
Major economic time-series as officially pub- 
lished show clear stabilization in the post- 
World War II era compared to earlier peri- 
ods. This (apparent) fact is often taken as 
evidence that economic policy has been ef- 
fective in reducing the magnitude of eco- 
nomic fluctuations.” The policies include 
activist monetary and fiscal policy and pas- 
sive built-in stabilizers such as progressive 
income taxation, unemployment insurance, 
and deposit insurance. 

In studies of a wide range of time-series of 


interest to macroeconomists and policy- ` 


makers, Romer finds that each series is too 
volatile in the early data. The excess volatil- 
ity occurs for different reasons in the differ- 
ent series; Romer’s findings do not point to 
a single methodological difficulty in the work 
of early researchers. It is accidental that each 
series is excessively rather than insufficiently 
volatile. According to Romer, the main 
source of the excess volatility in the unem- 
ployment series is interpolations of employ- 
ment and labor force data that do not take 
into account the procyclicality of productiv- 
ity and participation. The main source of the 
excess volatility in the GNP data is an over- 


*Cowles Foundation for Research in Economics, Yale 
University, New Haven, CT 06520 and National Bureau 
of Economic Research. I am indebted to John Camp- 
bell, N. Gregory Mankiw, James Poterba, David Romer, 
Robert Shiller, Lawrence Summers, David Weir, and an 
anonymous referee for helpful comments and discussion 
and for financial support from the National Science 
Foundation under grant no. SES-8521791. This paper 
was written while I was a NBER-Olin Fellow. 

Romer (1986a-c). 

* Martin Bailey (1978). 
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statement of co-movements of. GNP and 
output of commodities. 

Romer’s findings have not gone unques- 
tioned. David Weir (1986) offers an analysis 
of the original unemployment data that do 
suggest stabilization since the end of World 
War II. Nathan Balke and Robert Gordon 
(1986) present alternative pre-1929 estimates 
of GNP that also show stabilization. They 
find that calculations underlying the original 
GNP data did not overstate the relation- 
ship between commodity and noncommod- 
ity GNP. Moreover, they offer data on 
railroad transportation and construction— 
components of noncommodity GNP—that 
are more volatile than commodity output. 

Further and even more detailed study of 
the underlying data is perhaps needed to 
resolve the impasse. I am skeptical, however, 
that such research would help most econ- 
omists frame an opinion concerning the de- 
bate unless it were to lead to a consensus. 
The steps in constructing the data are com- 
plicated and require judgment.’ Ultimately, 
only the participants in the debate may be 
able to make informed judgments about each 
of these detailed steps and how they color 
the final answer. Instead of reexamining the 
issues raised by Romer (1986b-c), David 
Weir (1986), and Balke and Gordon (1986), I 
propose to examine the issue by using a 
completely different set of data, but one that 
in theory should be very useful in resolving 
the question raised by Romer et al. 
(1986a-—c). 

I propose to use asset price data to study 
the volatility of real activity in the U.S. 
economy after World War II relative to 
earlier periods. Asset price data are particu- 


Eor example, some of the difference between Romer, 
(1986a-c)}; and Balke and Gordon, 1986, arises through 
the choice of years for benchmarks. 
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larly well-suited for addressing this issue for 
several reasons, 

First, asset price data are usually much 
better measured than data on real economic 
activity. Aside from issues of data alignment 
and construction of index numbers, there is 
little doubt about what a time-series of asset 
market data is measuring. There is no reli- 
ance on survey or census data, there is no 
need to interpolate data because prices are 
observed virtually continuously, and there is 
relatively little scope for judgment in the 
compilation of asset market statistics. 

Second, data on stock prices are readily 
available over a long span on a consistent 
basis. There is no need to splice together 
series constructed with different techniques 
from different types of data. 

Third, economic theory predicts that there 
should be a strong link between economic 
activity and asset values. The stock price is 
the discounted present value of the firm’s 
payout. Insofar as this payout must ulti- 
mately be a function of real activity, there is 
a link between real activity and stock prices. 

Finally, studies of the data confirm that 
stock prices are related to real economic 
activity. Stock prices are an important com- 
ponent in the U.S. Index of Leading Indica- 
tors.* The strong link between stock prices 
and activity has also been emphasized re- 
cently by Stanley Fischer and Robert Mer- 
ton (1984). R. Officer (1973) finds a signifi- 
cant, positive relationship between estimated 
volatility of aggregate stock prices and in- 
dustrial production in post-World War I 
data.’ 

If the variance of the fundamentals is un- 
changed, so should be the variance of stock 
returns. Comparing these variances seems an 
important step in answering the question 
raised by Romer et al. (1986a—c). 


*See Handbook of Cyclical Indicators, 1984, p. 68. 

°Monthly data on industrial production are available 
beginning in 1919. For this study, one could envision 
estimating a relationship between output and stock 
market data in order to translate implications for stock 
volatility into those for output volatility. Given that 
doubts about the accuracy of the output data motivate 
this study, that line of research is not pursued: here. 
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I. Link Between the Stock Prices and 
Economic Activity 


This paper exploits the link between eco- 
nomic activity and the stock market to learn 
about the volatility of the economic activity. 
In this section, I discuss the theoretical 
linkage between stock price changes and 
changes in the fundamentals and evaluate 
some of the pitfalls in making inferences 
about the distribution of the fundamentals 
from the distribution of asset market data. 

In a simple model, Robert Lucas (1978) 
shows that there is a unique relationship 
between the level of economic activity and 
the value of the stock market. The tight 
relationship between real activity and asset 
prices carries over to more complicated and 
realistic models where no simple solutions 
are available. Yet, the lessons from this paper 
do not rely upon a specific model of asset 
pricing. The null hypothesis is that the distri- 
bution of the fundamentals driving the econ- 
omy has not changed. The validity of 
evaluating that hypothesis by examining as- 


-set returns only requires that the same model 


apply for all time periods of interest. The 
power of this approach derives from the 
quality of the asset market data rather than 
recourse to a parametric model of the rela- 
tionship between fundamentals and asset 
prices. 

In the conventional valuation model, stock 
prices are the present discounted: value of 
future dividends. Despite doubts raised 
about how well this model fits the data 
(Robert Shiller, 1981; and N. Gregory 
Mankiw, David Romer, and Matthew 
Shapiro, 1985), as long as stock values bear 
some relation to fundamental values, ex- 
amination of stock market data should be 
useful in addressing the question of the 
volatility of the fundamentals. No rejections 
of the conventional valuation model suggest 
the complete absence of a relationship be- 
tween real variables and asset prices. Indeed, 
Sanford Grossman and Shiller (1981) find 
that the consumption-based version of the 
conventional valuation model is broadly de- 
scriptive of U.S. data at least over some 
subsamples. John Campbell and Shiller 
(1986) show that there is substantial evi- 
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dence that the price-dividend ratio reflects 
the rational expectation of future dividends. 
Finally, as long as the departures from the 
valuation model remain the same in the two 
subsamples, testing whether asset data have 
equal or greater volatility in the two samples 
should be useful in testing whether the pro- 


cess for the fundamentals is the same in the 


subsamples.°® : 

An objection to inferring changes in re 
activity from changes in market value is that 
the market value represents a long average 
of future real activity. Consequently, transi- 
tory movements in real activity will have 
little effect on market value. There is grow- 
ing evidence, however, that changes in out- 
put are dominated by permanent or very 
persistent components (Charles Nelson and 
Charles Plosser, 1982; and Campbell and 
Mankiw, 1987). Under this statistical model 
of real activity, one would expect a tight 
relationship between innovations in activity 
and innovations in market value. 

Changes in corporate financial structure 
will change the variability of stock prices 
even if the variability of the fundamentals 
remains unchanged (Fischer Black, 1977). 
Specifically, an increase in leverage will in- 
crease stock volatility. Changes in leverage 
could therefore cause incorrect inferences 
about the variability of the fundamentals 
from the variability of stock returns. Data 
on the aggregate corporate balance sheet are 
available in a National Bureau of Economic 
Research study by Raymond Goldsmith, 
Robert Lipsey, and Morris Mendelson (1963) 
for selected years between 1900 and 1958 
and in the Federal Reserve Board’s Flow of 
Funds Accounts for years since 1946.’ Table 
1 gives debt-equity ratios for the aggregate 
U.S, nonfinancial corporate sector for cer- 
tain years between 1900 and 1985. This ratio 
is defined as liabilities divided by the dif- 
ference of assets and liabilities. Assets are 


All that is required is that variance of the “fad” 
component remains unchanged. This assumption is ap- 
propriate in testing the null hypothesis of no stabiliza- 
tion. If the fad’s component has a high variance, the 
power of the tests will, however, be low. l 

I have been unable to locate the balance sheet data 
for years prior to 1900. 


SHAPIRO: STABILIZATION OF U.S. ECONOMY 1069 


TABLE 1—Dest-Equity RATIO 


Nonfinancial Corporate Sector 


NBER FRB 


1900 0.753 
1912 1.004 

1922 0.733 

1929 0.731 

1933 0.884 

1939 0.756 

1945 0.542 
1946 0.508 0.321 
1950 0.473 0.305 
1955 0.496 0.317 
1958 0.506 0.328 
1960 0.355 
1965 0.418 
1970 | 0.464 
1975 0.378 
1980 0.351 
1985 0.468 


Sources: NBER: Goldsmith, Lipsey, and Mendelson, 
1963, Tables I and Ia, ratio of line IJI-14 to line IV. 
FRB: Balance Sheets for the U.S. Economy, line 41. 


valued at replacement cost in current dol- 
lars. In the years when the two series over- 
lap, the Federal Reserve Board’s series gives 
a substantially lower ratio.” Yet, the series 
move together closely in years when each is 
available; earlier data can be scaled down 
for comparability. Table 1 shows that the 
debt-equity ratio is substantially lower dur- 
ing the recent period compared with the 
earlier period. This alone should make the 
stock market more volatile in the earlier 
period. Changes in leverage bias tests of the 
stabilization hypothesis using the stock re- 
turns data in favor of the alternative that 
real activity has become less variable in re- 
cent years. 


®This ratio is not the ratio of debt to the market 
value of equity, which is unavailable in the Goldsmith 
et al. data. The use of replacement cost valuation of 
equity to make the leverage comparisons across the 
decades is problematic only if the mean of Tobin’s q 
differs over the subsamples. 

*The major difference between the two balance sheets 
is that the FRB consolidates the corporate sector by 
netting out most intra-sectoral assets (mainly securities) 
while the NBER researchers do not net out these assets. 
See Goldsmith, Lipsey, and Mendelson, 1963, p. 24. 
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= I. Variables and Data 


In this section, I discuss the financial vari- 
ables whose volatility I will study and the 
data used to measure them. I also address 
data problems that might arise in using these 
series to assess changes in volatility. The 
basic measure of volatility of the stock 
market will be the standard deviation of 
return on holding the stock market. The 
return—defined as capital gain plus divi- 
dend yield—is essentially distributed inde- 
pendently over time. Hence, the sample vari- 
ance should be an unbiased estimate of the 
population variance.'° The raw stock market 
return is a nominal variable. Several ap- 
proaches are taken to obtaining a real mea- 
sure. The real return can be measured by 
deflating dividends and the stock prices by 
appropriate price deflators. Although this 
produces a theoretically valid measure of the 
real return, it does introduce nonfinancial 
data into the calculation. The excess return 
on the stock market over a short nominal 
interest rate can be measured by financial 
market data alone. Finally, the nominal stock 
return is of independent interest. The mean 
of the rate of inflation has clearly changed 
over the last century."! If the variance of 
inflation is unchanged over the two periods, 
one can compare the variance of the nominal 
stock returns over the two periods as long as 
they are computed about different means. In 
any case, the excess, real, and nominal stock 
returns yield very similar results. 

I also consider the price-dividend ratio. 
The price-dividend ratio is an attractive 
measure of movements in the stock market 
for two reasons. First, the price-dividend 
ratio can be stationary even if neither vari- 
able is. Hence, the price-dividend ratio is a 
measure of the level of the stock market that 


See Mankiw, Romer, and Shapiro (1985), and Terry 
Marsh and Merton (1986) for a discussion of how serial 
correlation in measures of the fevel of stock prices (such 
as Shiller, 1981) can lead to serious bias in estimates of 
volatility. 

“Robert Barsky (1987) argues persuasively that the 
mean inflation rate was essentially zero before 1914. 
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has a well-defined variance. Second, it is 
intrinsically a real measure. 

In addition to these returns variables, I 
present statistics showing movements in div- 
idends. The dividend is ultimately tied to the 
profits of the underlying capital, so it is 
potentially an interesting indicator of activ- 
ity. But the year-to-year link between the 
two may be weak if corporate dividend policy 
makes dividends respond slowly to changes 
in profits. I examine this issue in the next 
section. I present results for both log de- 
trended and percent change in dividends be- 
cause of the difficulty of establishing which 
procedure is the appropriate transformation 
to render the series stationary.’ 

In summary, the stock returns—nominal, 
real, and excess---are the major variables to 
be examined. These are supplemented by the 
price-dividend ratio and measures of change 
in dividends. I now turn to a discussion of 
the specific data used to measure these vari- 
ables. 

The statistics are computed for the period 
1872 through 1987 and for various subperi- 
ods. Although the underlying data are mea- 
sured monthly, I consider variances mea- 
sured for annual data. The stock price is 
an index of industrial stocks. The stock price 
index refers to the month of January. For 
1871 through 1925, the data are Cowles’s 
(1939) All Stocks Index (series P-1). Since 
1926, they are the Standard & Poor’s Com- 
posite, which extends Cowles’s series. The 
dividend data give the total dividends during 
the year (Cowles’s series D,-1 for 1871 
through 1925 and the Standard & Poor’s 


12 Campbell and Shiller (1986) reject the hypothesis 
that log dividends have a unit root in favor of a trend 
stationary alternative. They find, however, that the log 
dividend-price ratio is trend stationary while log prices 
are not. As they point out, these three findings are 
inconsistent. 

More precise estimates of the variance of stock 
price growth can be obtained by using higher frequency 
data, but the dividend data required to compute the 
returns are only available annually in the early period. 
Variances of stock price growth computed from the 
monthly data show the same pattern across time as the 
annual returns data used in this paper. 
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series since 1926). The returns are calculated 
for holding the index from J anuary | to 
January and are expressed as percentages." 

Except for the possibilities of errors in the 
transcription of the raw data underlying these 
series or arithmetic errors in constructing 
these series, we can be confident that these 
stock market data are accurate measures.’ 
The monthly Cowles index is the average of 
the high and low for the month rather than 
the average of all the days. This procedure 
does not introduce important bias into the 
variance of the annual returns measure.’ 

The firms represented in the stock F 
index do not create all the output of the 
economy. Consequently, how well the stocks 
in the index represent the economy as a 
whole needs to be evaluated. The most 
dramatic change in the economy over the 
sample period is the reduction in the impor- 
tance of agriculture. At the beginning of the 
sample, over half of output was in the agri- 
cultural sector; at the end, it was about 2 
percent.” Clearly, farms are not traded on 
the stock exchange although the returns to 


24 The return is 100((P ee D,)/P,—1), where P, is 
the J anuary price and D, is the calendar-year dividend. 
The price- -dividend ratio is defined as P,/D,_. 

Jack Wilson and Charles Jones (1987) examine the 
monthly Cowles price index for coding errors. They 
appear to have found an error in the June 1884 price. 
They also find problems in the Cowles cumulative re- 
turns series. They do not find problems with the data 
used in this paper. 

©To check this, I carried out a simple simulation. I 
generated data assuming stock prices followed a geo- 
metric random walk at daily frequency with an innova- 
tion standard deviation of 16.0 percent annual rate. I 
generated data for 40 years of data with 300 days per 
year. J then computed the standard deviation of the 
“January” to “January” returns using the Cowles and 
Standard & Poor’s procedures for obtaining monthly 
data. For Cowles, the January value was taken to be the 
average of the minimum and maximum observation 
during the first 25 days of the year; for the Standard & 
Poor’s, January was taken to be the average of the first 
25 days. In 1000 replications, the mean absolute devia- 
tion of the standard deviation of the return measured 
by either the Cowles or Standard & Poor’s procedure 
averaged about 3 percent of the true standard deviation. 

“Tn 1869, agricultural output was 2.54 billion dollars 

and total output was 4.83 (Historical Statistics, series 
F238 and F240). In 1986, agricultural output was 93.0 
billion dollars and the total was 4,235.0 billion dollars 
(Economic Report of the President 1988, Table B-10). 
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industrial companies are likely to be affected 
by agricultural shocks. That stock market 
data exclude the direct contribution of the 
farm sector is probably a virtue. The debate 
over the stabilization of the economy centers 
on changes in government policies and in- 
stitutions that are unlikely to affect year- 
to-year movements in agricultural output. 
Hence, it is appropriate to use measures that 
apply to the industrial sector as evidence in 
the stabilization debate. 

Within the industrial sector and within the 
stock market index, the composition of firms 
has changed over the sample. For example, 
railroads were much more important in the 
earlier period than they have been in the 
recent period. Changes in the mix of stocks 
in the index should reflect changes in the 
mix of economic activity. To make in- 
ferences about the volatility of the funda- 
mentals from the volatility of asset returns 
requires that that relationship between the 
returns on the major companies in the econ- 
omy and the underlying economic activity 
has not changed over the sample period. 
This maintained hypothesis seems an ap- 
propriate component of the complicated, 
composite hypothesis that the volatility of 
the economy is unchanged. Nonetheless, the 
limited coverage of the stock price index and 
of the stock market itself is a drawback of 
the approach in this paper. 

To obtain a real return, stock prices are 
deflated by an index of the monthly whole- 
sale price and dividends by an index for the 
calendar year. For 1871-1889, the price in- 
dex is the George Warren and Frank Pear- 
son (1935, Table 1) series.’® Since 1890, it is 
the Bureau of Labor Statistics Wholesale 
Price Index (now called the Producer Price 
Index).!? The stock price is deflated by the 
January price index; the dividend by the 
calendar year index. Deflating by this price 


18The annual Warren and Pearson series is also in 
Historical Statistics of the United States, Series E-52. 
The annual wholesale price index is Series E-23 in 
Historical Statistics. The monthly series is in the BLS 
LABSTAT file beginning in 1913. The monthly series 
from 1890 through 1912 is from the Bureau of Labor 
Statistics, Index Number of Wholesale Prices on Pre-War 
Base, 1890-1927 (Washington: USGPO, 1928). 
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FIGURE 1. Excess STOCK RETURN 


index might introduce a number of problems 
in calculation of the returns volatility. Mea- 
sured price indexes might be too. stable if 
they are based on posted or administered 
prices rather than market prices. On the 
other hand, the producer. price index might 
be an excessively volatile measure of infla- 
tion. First, producer prices are more variable 
than consumer prices, at least in recent 
data.” Second, there is an important bias in 
the retrospective work to construct the his- 
torical data. The price data that are easily 
collected tend to be on commodities that are 
traded in asset markets. These commodity 
prices are certainly more volatile than aver- 
age producer prices. Therefore, it is very 
difficult even to sign the bias in the volatility 
of the inflation rate. In practice, the volatil- 
ity of the nominal returns swamps the infla- 


°Over 1948 through 1988, the standard deviation of 
annual inflation (January to January) is 5.4 percent 
measured by the Producer Price Index and 3.5 percent 
by the Consumer Price Index. 


tion volatility in the calculation of real re- 
turns. 

Moreover, as sna above consideration 
of the excess return avoids having to intro- 
duce measurement errors in a price index. 
For this span of data, the short-term com- 
mercial paper rate provides a measure of a 
short-term, low-risk interest rate. The inter- 
est rate is the annual six-month commercial 
paper rate on a bank discount basis pub- 
lished in the Federal Reserve Bulletin. It is 
linked to the four- to six-month commercial 
paper rate in Milton Friedman and Anna 
Schwartz (1982). 


iil. Results 


The basic facts about the variability of the 
asset market data emerge clearly in Figures 1 
through 5, which present the levels and roll- 
ing estimates of the standard deviations of 
the excess and real stock returns, the price- 
dividend ratio, dividend growth, and de- 
trended dividends. The levels of the series 
are plotted as solid lines. The standard devi- 
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FIGURE 3. PRICE-DIVIDEND RATIO 
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TABLE 2— STANDARD DEVIATIONS OF STOCK MARKET DATA 
Entire 
Sample Subsamples 
1872- 1872- 1872- 1914- 1947- 
1987 1913 1929 1946 1987 
Nominal Stock Return 18.1 15.3 16.3 24.0 15.2 
Excess Stock Return 18.7 15.8 16.9 24.2 16.3 
Real Stock Return 17.9 14.1 16.0 23.2 16.8 
Price-Dividend Ratio 5.8 4.3 4.5 4.7 6.6 
Real Dividend Growth 12.4 10.9 12.5 18.2 T9 
Real Dividend Growth 6.2 5.3 6.6 9,2 4.2 
Over Four Years? . 
Real Log Dividends, 19.8 14.7 19.3 26.3 17.2 
Detrended 


“Four-year growth rates expressed as annual rates. Subsamples begin in 1875, 1917, and 1950 to allow for extra 


lags. 


ations of the series are computed over roll- 
ing, ll-year sample intervals. These are 
plotted as broken lines at the midpoint of 
the intervals. There is no apparent stabiliza- 
tion of either the real or excess stock returns, 
although volatility increased in the interwar 
period.*4 The price-dividend ratio is more 
volatile in recent years.” Dividend growth 
alone does show some stabilization after 
World War II. 


Sample statistics confirm what the eye sees ` 


in the figures. Table 2 gives the sample 
standard deviations of the series for the 


* Officer also finds that the Depression years were 
especially volatile. He emphasizes that stabilization of 
the stock market following the Depression cannot be 
attributed to the creation of the Securities Exchange 
Commission because post-World War II volatility is no 
greater than that in the first two decades of the twentieth 
century. G. William Schwert (1987) finds that high 
frequency changes in stock volatility are not closely 
related to changes in volatility of either macroeconomic 
variables or leverage. He does find increases in volatility 
during the interwar period. 

Note that changes in the price-dividend ratio pre- 
sented in Figure 3 can be interpreted in terms of changes 
in the required rate of return. High price-dividend ratios 
correspond to low required rates of return. Figure 3 
suggests that the required rate of return was lower in 
the post-World War IT period than in the pre-World 
War I period, but that both the early and later periods 
had lower required rates of return than the middle 
period. James Poterba and Lawrence Summers (1986) 
examine the relationship between volatility, stock re- 
turns, and the required rate of return. They find volatil- 
ity changes are not persistent enough to yield large 
changes in the required rate of return. 


entire sample and for selected subsamples. 
The subsamples are 1872-1913, 1872-1929, 
1914-1946, and 1947-1987. The first two 
subsamples are based on alternative ending 
dates for the earlier period. The first subsam- 
ple ends with the beginning of World War I, — 
the collapse of the classical gold standard, 
and the founding of the Federal Reserve. 
The second subsample ends with the stock 
market crash. The third subsample includes 
the turbulent years from the beginning of 
World War I through the recession following 
World War II. 

The standard deviations of both real stock 
returns and of the price-dividend ratio are 
lower in the early period (ending in either 
1913 or 1928) than in the period after World 
War II. Excess returns have about the same 
variability in the earlier periods and the re- 
cent period. The variability of the stock 
market is consistent with the hypothesis that 
real activity in the United States has not 
been stabilized. Only dividend growth shows 
substantial stabilization in the recent period. 

Table 3 gives formal tests of the null hy- 
pothesis that the variance of the series in the 
1872-1913 and 1947-1987 subsamples are 
the same. The first column presents the ratio 
of the variances in the two sample periods. 
The second column gives a test statistic for 
the hypothesis that the variances are equal.” 


*3 Because the series may be serially correlated (serial 
correlation is nontrivial in the price-dividend ratio and 
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TABLE 3— TESTS OF CONSTANT VARIANCE, 1872—1913 vs. 1947-1987 


Variance Ratio? 


Nominal Stock Return 
Excess Stock Return 
Real Stock Return 
Price-Dividend Ratio 
Real Dividend Growth 
Real Dividend Growth 
Over Four Years? 
Real Log Dividends, 
Detrended 


See note a, Table 2. 


1.01 
0.94 
0.71 
0.42 
2.09 
1.62 


0.73 


x7(1)° Probability? 
< 0.01 0.96 
0.07 0.79 
3.16 0.08 
13.89 < 0.01 
2.29 0.13 
1.12 0.29 
0.58 0.45 


"Ratio of variance for 1872-1913 to 1947-1987. 

“Test statistic for hypothesis that variances are equal (see fn. 23). 

“One minus the probability of rejecting the null hypothesis that the variances of the 
respective series are the same in 1872~1913 and 1947-1987. 


The third column gives one minus the prob- 
ability of rejecting that the variances are 
equal. The test statistics confirm what is 
apparent from the figures and from Table 2. 
Only for dividend growth can one come close 
to rejecting the hypothesis that the variance 
of the series is the same in favor of the 
hypothesis that it is smaller in the more 
recent data.*4 

Of the asset market data, only dividend 
growth shows stabilization in the post-War 
period. Dividends paid are ultimately con- 
strained by the real return on the underlying 
asset. But as Marsh and Merton (1986) stress, 
the timing of dividend payments is largely at 


the dividend series), Goldfeld-Quandt tests of equal 
variance are not appropriate. The probabilities reported 
in Table 3 are for a test that is valid under very general 
forms of serial correlation. It is constructed by regress- 
ing squared deviations from subsample means on dum- 
mies for the subperiods and testing whether the dum- 
mies have equal coefficients. The test statistic is based 
on a covariance matrix corrected for heteroskedasticity 
and autocorrelation (8-quarter lags) within the subsam- 
ple but assuming that observations are uncorrelated 
across subsamples. See Donald Andrews and Ray Fair 
(forthcoming, 1988) for a general treatment of tests for 
structural change with heterogenous processes. 

“The test for real dividend growth illustrates the 
importance of taking into account the serial correlation 
in the time-series. Even though the variance of real 
dividend growth is half of its pre-World War I value in 
the post-World War II period, the difference is not 
statistically significant using conventionally sized tests. 


the discretion of management. The smooth- 
ing of dividends in the post-War period may 
well reflect a change in dividend policy rather 
than a change in the underlying driving pro- 
cess. Suppose that managers, for example, 
decided to spread over several years changes 
in dividends that would have previously been 
made over one year. This change in policy 
would have little effect on the distribution of 
stock returns. Yet it would reduce the vari- 
ance and increase the persistence of year-to- 
year changes in dividends. It is clear from 
Figure 4 that the serial correlation of the 
dividend growth has increased since World 
War II.*° This increased serial correlation is 
consistent with more smoothing of dividend 
changes. Tables 2 and 3 include statistics for 
the change in dividends measured over four 
years (expressed at annual rate). Although 
there is a decline in the variability of this 
series, it is much smaller than for the year- 
to-year changes. As Figure 5 and Tables 2 
and 3 show, real log, detrended dividends 
show no evidence of stabilization. 

Finally, all the measures considered show 
dramatic increases in volatility in the period 
between the beginning of World War I and 
the end of World War II. The finding accords 
with the volatile history of that period (the 
roaring twenties, the Great Depression, the 


*® The first-order serial correlation of dividend growth 
is essentially zero in the early period and is 0.30 in the 
later period. 
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World War II boom). The participants in the 
debates over the historical economic data do 
not dispute that this period saw an increase 
in volatility of real activity. Additionally, the 
large decline in the value of the stock market 
itself at the onset of the Depression would 
itself increase volatility through the leverage 
effect. 


IV. Discussion 


Section IIX documents that stock market 
returns show no reduction in variance when 
the pre-World War I or pre-Depression peri- 
ods are compared to the post-World War II 
period. The lack of stabilization in stock 
prices supports the view that activity has not 
been stabilized. 

It is inappropriate, of course, to offer evi- 
dence of the inability to reject a hypothesis 
as evidence for the hypothesis. Indeed, if one 
believes that the stock market is determined 
by fads or “will-o’-the-wisps” one might 
maintain that the test lacks power against 
the alternative that the variance of the 
fundamentals has changed. The variance of 
fundamentals could be overwhelmed by the 
variance of the fad component. In the worst 
case, all changes in stock market value are 
caused by speculative bubbles, but there is, 
as discussed above, evidence that does link 
the fundamentals to stock prices. Indeed, 
about 40 to 70 percent of the standard devia- 
tion of the log dividend-price ratio can be 
explained by the rational expectation of fu- 
ture dividends and interest rates in the con- 
text of the conventional valuation model.”® 
Given that the size of any fad component is 
thus circumscribed, the tests presented in 
this paper should have power against the 
alternative that the variance of the funda- 
mentals has changed. 

Another issue of power may arise if the 
stochastic process for output has shifted dur- 


See Campbell and Shiller (1986). Note that this 
finding is put forward by a strong proponent of fads 
models (Shiller, 1984). Campbell and Shiller (1988) do 
find that a lower fraction of variance in the dividend- 
price ratio is explained when a long moving average of 
earnings is included in the information set. 
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ing the sample. The greater the persistence 
of the shocks to the fundamentals, the more 
the stock market will respond to an innova- 
tion of a given size. Campbell and Mankiw 
(1987) find evidence that the persistence in 
shocks to output growth has increased in the 
United States since World War II. Consider 
the implications of the persistence of output 
fluctuations for the relationship between 
variance of output and variance of stock 
returns. The more persistent are changes in 
the fundamentals, the greater does the vari- 
ance of stock returns magnify the variance 
of innovations in the fundamentals. Con- 
versely, if the fundamentals are negatively 
autocorrelated, the stock return will respond 
little to an innovation in the fundamentals. 
In the limiting case where shocks to the 
fundamentals are perfectly transitory, for ex- 
ample, where a shock this period is offset by 
a shock of equal and opposite present value 
the next period, changes in fundamentals 
lead to virtually no changes in stock values. 
Suppose macroeconomic stabilization poli- 
cies have reduced the variation in output by 
attenuating high frequency, negatively auto- 
correlated changes in output.” Under this 
view of policy, stabilization of output would 
leave the distribution of stock returns rela- 
tively unchanged, but year-to-year output 
changes could be reduced substantially. 
Hence, if stabilization policy operates only 
at the short end of the spectrum, stabiliza- 
tion may have been effective, but would go 
undetected by the tests in this paper. This 
line of reasoning also suggests that the de- 
bate over stabilization should focus more on 
high frequency movements in output rather 
than on total variability. Doing so will be 
difficult given the weakness and relatively 
low frequency of the existing data. In any 
case, the findings of this paper rule out sta- 
bilization at the long end of the spectrum. 
Any defense of the stabilization hypothesis 
must therefore point to high frequency out- 


” Dividend growth clearly shows greater persistence 
and lower innovation variance in recent years. As noted 
above, this change in the stochastic process for divi- 
dends could be caused by a change in firms’ dividend 
policies. 
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put fluctuations in the early period that have 
disappeared in recent years. 

In summary, financial data provide an ex- 
cellent vehicle for testing whether real activ- 
ity has been stabilized when the direct data 
on real activity are suspect. The financial 
data are available over a long span, are 
accurately measured, and are related in the- 
ory and in practice to real activity. Stock 
returns since World War II have essentially 
the same variance as in earlier periods. Given 
the evidence that innovations in output are 
essentially permanent, the constant variance 
of stock returns supports Romer’s important 
finding that the stabilization of the post- 
World War II economy is illusory. 
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Are Perceptions of Inflation Rational? 
Some Evidence for Sweden 


By Lars JONUNG AND DAVID LAIDLER* 


I. The Problem 


The rational expectations hypothesis, as 
usually set out, states that when agents form 
expectations about an economic variable, 
they make use of all available information, 
in such a way that the expectation in ques- 
tion is an unbiased estimate of the variable’s 
realized value. Applied to the price level, or 
equivalently the inflation rate, this hypothe- 
sis is of central importance to contemporary 
macroeconomics.’ It is a key component of 
both neoclassical models in the style of 
Robert E. Lucas (1973), and more “ Keynes- 
ian” overlapping contracts models, such as 
those of Stanley Fischer (1977), Edmund 
Phelps and John Taylor (1977), and Taylor 
(1979). The hypothesis is nevertheless very 
hard to test. It must usually be combined 
with other postulates, for example that of 
clearing competitive markets, in order to 
yield empirical predictions; and if these pre- 
dictions turn out to be wrong, rational ex- 
pectations can always be rescued by attribut- 
ing such errors to the influence of those 
other postulates. 

The availability of survey evidence on 
agents’ expectations does, in principle, per- 
mit us to conduct direct tests of rational 
expectations which are free of this particular 


*Professor of Economics, Stockholm School of Eco- 
nomics and Professor of Economics, University of 
Western Ontario, Social Science Center, London, 
Canada N6A SCZ, respectively. We would like to thank 
Erling Pettersson for excellent computational assistance. 
We have benefited significantly from comments by 
Bengt Assarsson, Roy Batchelor, Axel Leijonhufvud, 
and Allan Meltzer and seminar participants of the Insti- 
tute of International Economics, Stockholm and 
Flinders University, as well as two anonymous referees. 

Rational agents must be assumed to know the value 
of the price level P at any time in the past, for example, 
at t —1. If they form an estimate P° of the current price 
level, then this immediately implies an estimate of the 
recent inflation rate Pf — P,_; and vice versa. 
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problem, but such tests create difficulties of 
their own. Even setting aside the matter of 
relying on the truthfulness of the answers 
which respondents give to questionnaires, it 
is hard to make unambiguous inferences 
about the rationality of ex ante expectations 
about variables by comparing them with 
ex post outcomes. Even evidence of serial 
correlation in expectational errors, at one 
time thought to be inconsistent with rational 
expectations, does not definitely refute the 
hypothesis, as consideration of the by now 
widely understood “Peso problem” makes 
clear.” 

Suppose we had been forming expecta- 
tions about the future value of the Mexican 
Peso against the United States Dollar over a 
period when there was a positive probability 
of the Peso’s being devalued. Ex ante ratio- 
nal expectations of its value would have 
taken account of this probability. Suppose, 
however, that devaluation did not occur. Ex 
post, our expectations would appear to be 
subject to systematic error for as long as the 
positive ex ante probability of devaluation 
persisted without the event actually taking 
place. The error in question, though, would 
not reflect the neglect of any available infor- 
mation in the generation of expectations. 
The “Peso problem” is not a mere curiosity. 
It is a particular case of a rather general 
phenomenon. Whenever there exists a posi- 
tive probability of a unique event occurring, 
and whenever that positive probability per- 
sists over time without the event in question 
taking place, then ex ante rational expecta- 
tions about variables, whose values the oc- 
currence of that event would affect, will be 
systematically erroneous ex post. Ex post 
systematic errors in expectations, therefore, 
do not always amount to conclusive evidence 


*On this argument, see Milton Friedman and Anna 
Schwartz (1982, pp. 556-57). 
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of an ex ante lack of rationality about those 
expectations. 

The problem is pervasive, but it is not 
universal. Certain variables, notably the gen- 


eral price level, are difficult to observe con- 


temporaneously. Indeed, in Lucas (1973) 
model of the aggregate supply curve, the 
possibility of output varying in the short run 
as a function of the price level depends 
crucially on the occurrence of discrepancies 
between the current value of the price level 


and agents’ rationally formed “expectations” 


— contemporaneous perceptions would be a 
better phrase—of that value. Such contem- 
poraneous perceptions are not susceptible to 
“Peso problem” effects. Even if the occur- 
rence or not of some unique event is relevant 
to the current value of the price level, infor- 
mation about whether or not that event has 
actually occurred will be available to agents 
by the time the price level is realized; and, if 
they are rational, agents will have built it 
into their contemporaneous perceptions of the 
price level’s.value even though it could not 
have been incorporated into their ex ante 
expectations. 

Thus, survey data on agents’ perceptions 
of the current price level (or equivalently of 
the amount by which the price level has 
changed from some known value at a well- 
defined date in the past), gathered at a time 
when official measures of that variable are 
not available to them, can be used with 
greater confidence to test the rational expec- 
tations hypothesis than can survey data on 
ex ante expectations. Such data are avail- 
able. In this paper we shall use them to test 
the hypothesis that agents’ perceptions of 
the current price level, formed at the very 
time at which the information used to con- 
struct official measures of that same variable 
are collected, but before they are made pub- 
lic, are rational.? 


“As David Laidler and Michael Parkin, 1975, noted, 
theoretical and empirical studies on inflationary expec- 
tations assume, usually tactily, that economic agents 
hold uniform expectations with complete certainty. 
However, empirical work shows that (a) inflationary 
perceptions and expectations display considerable dis- 
tribution across respondents, see Lars Jonung, 1981, 
and (b) they are not held with complete certainty; see, 
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H. The Data 


The data to which we refer above come 
from a quarterly survey which has been car- 
ried out regularly by the National Institute 
of Economic Research in Stockholm since 
July 1979. A unique feature of this survey is 
that it explores both the inflation perceptions 
and inflation expectations of a large repre- 
sentative sample of the Swedish public. 
About 6,500 people are usually questioned 
on each occasion, though the sample size has 
on one occasion (October 1984) fallen to 
1500. Individuals remain in the sample for 
not more than four successive surveys. 

The data on perceptions of inflation used 
in the following tests are generated in the 
following way. Respondents are first asked 
about the behavior of “prices in general” 
during the past twelve months: “Have they 
risen, fallen, or stayed the same?” Those who 
answer that prices have fallen or stayed the 
same, negligible proportions never exceed- 
ing, respectively, 0.1 and 2.0 percent of re- 
spondents over the period of our sample, 
when prices did rise continuously, are not 
questioned further. The vast majority, who 
have answered “risen” are then asked: “By 
how much?” They are, that is, asked to give 
a numerical point estimate of the inflation 
rate. Respondents are permitted to offer an 
interval estimate or to answer “do not know” 
to this question, if they are unwilling to give 
a point estimate; on average, about 53 per- 
cent avail themselves of these options. How- 
ever, with an initial sample size usually in 
excess of 6,000, each survey nevertheless 
yields a large sample of quantitative point 
estimates of the inflation rate. (October 1984 
is again an exception here.) Our measure of 
perceived inflation is the mean value of these 
point estimates for each of the 23 surveys 
taken over the period July 1979-—January 
1985. Those agents answering that prices 
have fallen, or stayed the same, and those 
not offering a quantitative point estimate of 
inflation are ignored, rather than having a 


for example, Jonung, 1986. We abstract from these 


issues here. 


1082 THE AMERICAN ECONOMIC REVIEW 
f 


wh mi ok m i 
Noag o 


mh wh 
O CI m 


t 


z 
hom OA NG POE HArxw s 


i 1978 1979 1980 1981 


} 


DECEMBER 1988 





1932 1883 1984 1985 


CHART I. PERCEIVED (— ° —) AND ACTUAL {—) 
INFLATION RATES, AND THEIR DIFFERENCE 
(...01...), JANUARY 1978—JANUARY 1985 


zero value assigned to them.* Even so, 54,917 
individual answers form the basis of the data 
we use. 


“We believe that, in confining ourselves to data gen- 
erated by agents who are sufficiently confident in the 
quality of their own perceptions to offer a quantitative 
estimate of the inflation rate, we are probably biasing 
our tests in favor of the rational expectations hypothe- 
sis. Note that to drop those respondents not offering a 
point estimate for the perceived inflation rate irom our 
sample amounts to attributing to them an estimate of 
inflation equal to the mean of those offering a point 
estimate. In the case of respondents who perceive prices 
to have risen, but decline to offer a precise estimate of 
how much, this procedure seems appropriate. However, 
it introduces an upward bias to our measure of the 
perceived rate to the extent that agents who claim prices 
to have remained the same or fallen are also treated in 
this way, but the number of such agents -is, in fact, 
negligible. As far as we are aware, quantitative measures 
of inflationary perceptions have only been used in two 
previous studies: Jonung, 1981, and Roy Batchelor, 
1984. Jonung examines in detail the first survey made 
for Sweden in 1978. Batchelor transforms qualitative 
perception data taken from the EEC consumer ten- 
dency surveys into quantitative measures of’ percep- 
tions. His conversion makes actual and perceived infla- 
tion rates equal on average, ruling out any possible bias. 
Even so, he finds that the perceived inflation rate is less 
volatile than the actual rate—a finding consistent with 
ours for Sweden. Batchelor interprets this pattern as 
showing that consumers perceive only a moving average 
of actual inflation. 


It should be noted explicitly that informa- 
tion about the officially registered consumer 
price index, (CPD, and thus about the actual 
rate of inflation during the twelve months 
preceding each survey, is not available to 
respondents at the time of the survey. The 
data on which official price level statistics for 
the survey month are based are in fact gath- 
ered at roughly the same time as the survey 
is conducted, namely the first two weeks of 
January, April, July, and October, but the 
official statistics themselves are not pub- 
lished until a few weeks after the question- 
naire has been completed. Our tests are based 
on comparisons of the actual rate of con- 
sumer price inflation as measured by the 
official CPI and the perceived rate of infla- 
tion as measured by the surveys over the 
period 1978—84. The relevant data are pre- 
sented in Chart I, where inflation rates, both 
actual and perceived, are measured as an- 
nual percentage changes over the preceding 
twelve months. The perception error, also 
plotted in Chart I, is measured as the per- 
centage point difference between the actual 
and perceived rates of inflation.° 


°The dates of the surveys are marked by circles in 
the chart. The regular ‘surveys started in July 1979. The 
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It is immediately apparent from inspec- 
tion of Chart I that the perceived inflation 
rate follows a smoother time path than does 
the actual rate. The latter is characterized by 
pronounced cyclical movement, and also re- 
flects the influence of various easily identi- 
fied policy measures, such as the two devalu- 
ations of the Swedish currency which took 
place in August 1981 and October 1982, 
respectively, as well as a number of changes 
in subsidies and indirect taxes. In compari- 
son with the actual rate, the perceived infla- 
tion rate fluctuates with a smaller amplitude, 
so that perceptions of inflation are systemat- 
ically higher than actual inflation when the 
latter is falling, and systematically lower dur- 
ing periods of rising inflation. The mean 
perception error for all 25 surveys covered 
by Chart I is 1.08 percentage points. Evi- 
dently, over the sample period, the Swedish 
public on average overestimated the actual 
inflation rate, but as we shall see, this small 
mean prediction error is not statistically dif- 
ferent from zero and it would be wrong to 
attach any economic significance to it. Only 
a larger set of data, which will become avail- 
able with the passage of time, can throw 
further light on whether or not there does 
exist a systematic long-run bias in the 
Swedish public’s perceptions of inflation. 


HI. The Tests 


The rational expectations hypothesis, as it 
is usually formulated, implies that the dif- 
ference between the actual inflation rate and 
its perceived value is a serially uncorrelated 
variable with a zero mean. Where p, is the 
actual rate of inflation over the 12-month 
period ending at time t, per, is the perceived 
rate of inflation for the same period formed 
at time ź, and u, is a random error, this 
version of the hypothesis may be tested par- 
tially by estimating the following equation 


(1) p,=a+bper,+u,. 


results of two preceding surveys, undertaken in J anuary 


1978 and January 1979, are included in the chart but 
were not used in the regressions reported in Table:1. 
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The economic hypothesis that the perceived 
rate of inflation over the previous year is an 
unbiased predictor of the actual—but un- 
known at time ¢—rate implies the joint sta- 
tistical hypothesis that (a,b) = (0,1). This 
test of unbiasedness is generally considered 
to be a “weak” test of rationality, because it 
says nothing about the properties of the er- 
ror term u,, which ought, according to the 
rational expectations hypothesis, to be un- 
correlated with any information, including 
any of its own lagged values, available at the 
time ¢ to which agents’ perceptions refer. 
Note that equation (1) is not subject to 
those common econometric problems which 
arise when expressions of a similar form are 
used to test for the unbiasedness and effi- 
ciency of expectations, and the forecast hori- 
zon embedded in those expectations is longer 
than the interval of observation: for exam- 
ple, when data from quarterly surveys of 
expectations about inflation over the suc- 
ceeding twelve months are used.® In such a 
case, an ex ante random error in forecasting 
the inflation rate in a particular quarter can 


. enter into no fewer than four successive fore- 


casts of the annual inflation rate, and hence 
can induce serial correlation into the errors 
of the latter. Equation (1), however, deals 
with backcasts rather then forecasts. At any 
time, the actual inflation rate over the first 
three of the preceding four quarters is public 
knowledge, available for agents to use in 
constructing their estimate of inflation over 
the previous year. Their only scope for error, 
therefore, arises in misestimating inflation 
over the immediately preceding quarter. 

It is of course possible that agents do not 
use readily available data regularly to update 
their backcasts of inflation, and if they fail 
to do so, this will indeed induce serial corre- 
lation into the errors of backcasts of the 
annual inflation rate made at quarterly inter- 
vals. However, given that the data needed 
for the relevant adjustments are public 
knowledge, serial correlation induced by such 
means would be more than a statistical arti- 


°On this point see, inter alia, Lars Hansen and 
Robert Hodrick, 1930. 
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fact, as it is in the analogous forecast case. 
Rather, it would be evidence that readily 
available and relevant information was being 
neglected, and hence that the rational expec- 
tations hypothesis, as usually formulated, is 
erroneous. 

Now Chart I clearly indicates that changes 
in the actual rate of inflation are associated 
with changes in the perceived rate. It might 
be thought worthwhile to ask whether the 
public is able to estimate the rate of change 
of the inflation rate in a rational way. This 
question may be answered by fitting an 
equation of the following form to our data: 


(2) P,- Py = et d(per, = P,~1) + w. 


Here unbiasedness of expectations implies 
the joint hypothesis (c, d} = (0,1), while their 
efficiency again requires that the error term 
be white noise.. 

As we Shall see in a moment, the outcome 
of fitting equation (1) is to show that the 
inflation perceptions of the public are unbi- 
ased. However, as inspection of Chart I 


strongly suggests, the error term of that - 


equation is in fact positively serially corre- 
lated. The actual rate of inflation up to the 
end of the quarter preceding the survey, and 
the value the inflation rate perceived by re- 
spondents up to the end of that previous 
quarter, represent information freely avail- 
able to respondents. Hence it is worth asking 
about whether, and the extent to which, per- 
ception errors could be reduced by using 
information about previous errors. The fol- 
lowing relationship between the current per- 
ception error and its own lagged value was 
therefore estimated as 


(3) p,- per, =e t+ g( p,-1—per,_1) +U. 


Here efficiency in the use of information 
implies the joint hypothesis that (e, g) = 
(0,0). This test is identical to that used by, 
among others, Stephen Figlewski and Paul 
Wachtel (1981) in examining the relationship 
between recent and past forecast errors of 
expectations data for the United States. 

Of course the lagged value of the percep- 
tion error is not the only candidate for use as 
“relevant information” in testing for effi- 
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ciency of expectations. We also experi- 
mented with the following equation 


(4) p,—per,=e + g( p,_1 — per,_) 


+h(x)+0,, 


where x represented successively import 
price inflation (imp) in the previous quarter, 
and the rate of unemployment (u) in the 
previous quarter. Efficiency here implies 
(e, g, hk) = (0,0,0). 4#0 suggests that other 
information in addition to previous errors 
could be used to improve the accuracy of 
inflation perceptions in the current period. 


IV. The Results 


Table 1 reports the results of fitting equa- 
tions (1)-(4) to our data. A common prop- 
erty of all these results is that the intercept 
of the relevant equation is never statistically 
significantly different from zero. Further- 
more, in regression (1), the slope coefficient 
is not statistically significantly different from 
one. These parameter values are consistent 
with inflation perceptions being unbiased. 
The critical value for F to accept the unbi- 
asedness hypothesis at the 99 percent level of 
confidence is 5.78, and its actual value is 
0.44. However, the low Durbin-Watson 
statistic for regression (1) indicates the pres- 
ence of first-order serial correlation in per- 
ception errors of the inflation rate. In the 
presence of such serial correlation, the F test 
to which we have just alluded is not valid. If 
we apply the Cochrane-Orcutt adjustment 
procedure to equation (1) we obtain equa- 
tion (1’). Here the F test, now valid, yields a 
value of 0.85 and continues to confirm the 
unbiasedness of inflation perceptions, but 
the high value of p, 0.763 also confirms the 
initial impression that perception errors per- 
sist over time. 

Regression (2) tests hypotheses about 
changes in the perceived inflation rate. The 
goodness-of-fit here is low, and more impor- 
tant, the coefficient d is significantly lower 
than the unit value that unbiasedness in 


‘perceptions of changes in the inflation rate 


would generate. Apparently the Swedish 
public systematically underestimate changes 


| 
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TABLE 1° — ESTIMATES OF EQUATIONS (1)-(4) 
Regression and 
Dependent Coefficients of Adjusted 
Variable Intercept Independent Variables R? DW 
(1) p= s + b per, 
— 1.506 _ + 1.035 0.349 0.484 
(3.235) (0.289) 
(19) P= i + bper, 
— 1.887 -+ 1.032 0.264 1.814 
(3.810) (0.339) (p = 0.763) 
(2) Pe P= j +d(per, — pı 
— 0.319 — 0.309 0.072 1537 
(0.403) (0.191) 
(3) Pe~ per = j +G(p,_1 +Per-—1) 
— 0.275 + 0.752 0.541 1.698 
(0.332) (0.148) 
(4) pi- per = j +8(Pi-17Pper-1) | + himp,_, 
— 0.842 + 0.829 +. 0.246 0.548 1.725 
(0.425) (0.144) (0.126) 
(4°) p, ~ pet, = ; +g(P-17Pe-1) +AU- 
1.939 + 0.583. — 0.881 0.573 1.801 
(1.428) (0.178) 0.554) 


“Figures in parentheses are standard errors. 


in the inflation rate. Yet another way of 
looking at the same problem is provided by 
regression (3). Here the parameter g may be 
regarded as an alternative estimate of the 
parameter p obtained from (1’). Its positive 
value confirms that current errors in percep- 
tions of the inflation rate are significantly 
positively correlated with their own past val- 
ues, and could be reduced by paying atten- 
tion to this readily available information. 
The critical value for F for accepting the 
joint hypothesis that (e, g) = (0,0) at the 99 
percent level is 5.72, and the actual value of 
this statistic 18.72, lies well outside this 
bound. Moreover, when a measure of previ- 
ous import price inflation is added in equa- 
tion (4), it turns out to make a marginally 
statistically significant contribution to im- 
proving its goodness of fit. Here again, we 
have freely available information which 
could be used to improve inflation percep- 
tions, but which is apparently ignored. The 
unemployment rate, on the other hand, is a 
less reliable source of information. However, 
the unemployment rate is correlated with the 
lagged inflation perception error and equa- 
tion (4’) is a slightly better-fitting expression 
than (4). 


To sum up, our empirical results suggest 
that, unbiased though they are, the Swedish 
public’s perceptions of “actual” inflation, 
when actual inflation is measured by the 
CPI, could be rendered more accurate. Freely 
available and useful information apparently 
remains unutilized. There are at least two 
explanations of our results. First, it may 
simply be that the Swedish price index mea- 
sures the “true” price level, relevant to the 
respondents of our questionnaire, imper- 
fectly. If such a hypothetical “true” price 
index moved more sluggishly than the off- 
cial index upon which our tests are based, 
the results which we have generated could be 
a statistical artifact of no economic signifi- 
cance at all. (However, to minimize this bias 
the respondents to the survey generating our 
data were asked to give point estimates of 
how “prices in general” have moved, not of 
the behavior of the prices of goods they 
purchase.) It is impossible to test this sugges- 
tion definitively. It would always be feasible 
to construct ex post a price index of whose 


behavior our “perceptions” data provide an 


unbiased and efficient estimate. However, we 
can claim that our results do not depend 
crucially on the specific price index which we 
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use to measure inflation. In particular, we 
have rerun our tests using the percentage 
rate of change of the Swedish food price 
index to measure inflation, and have found 
their results to be robust in the face of this 
change.’ 

Second, and, we would argue, more plau- 
sibly, it might be that the costs of gathering 
and processing information on perception 
errors, and other data too, are high enough 
relative to the benefits to be gained from 
improving inflation perceptions, for it to be 
economically irrational for agents to do this. 
This interpretation is consistent with recent 
theoretical work by John Galbraith (1988). 
Moreover, empirical work now being carried 
out by Batchelor and Jonung (see 1986 for 
preliminary results), using data from the 
same survey underlying our results, shows 
that differences in the accuracy and purely 
statistical rationality of inflationary percep- 
tions across gender, age, and income groups 
appear to be related to the costs and benefits 
of collecting information on inflation for the 
various groups examined." 


‘Another possible explanation for our results may be 
that the respondents, when asked about the history of 
inflation during the past twelve months, actually had in 
mind when answering the rate of inflation that they 
perceived to have prevailed over a longer time period. 
To investigate this view, we calculated the perception 
error implied by inflation rates measured over varying 
time periods, starting from 6 months and going back to 
36 months from the date of the survey. This perception 
error turned out to be minimized when we used a 
27-month—not a 12-month—measure of the actual in- 
flation rate. This result is consistent with the postulate 
that respondents were influenced by a history of prices 
going further back than the immediately prior 12 months 
referred to in the survey questions. The fact remains, 
however, that agents were asked about the previous 12 
months, not 27 months, and that agents making full use 
of all available information would have been able to 
distinguish between the two. 

This ongoing work is also addressing a question 
which naturally presents itself as a followup to the 
results set out here, namely whether agents’ forecasts of 
inflation display more or less unbiasedness and effi- 
ciency than their backcasts. Preliminary results suggest 
that forecasts, like backcasts, are unbiased, but a com- 


parison of their efficiency is more difficult to make. The 


forecasts errors made by respondents to our surveys 
do display serial correlation, but such correlation is in 
any event induced in those forecasts in a way that it is 
not in backcasts (see p. 1083 above) by the fact that 
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V. Concluding Comments 


In this paper we have used survey data on 
contemporaneous inflation perceptions to 
test a widely utilized version of the rational 
expectations hypothesis. Such data enable us 
to avoid the “Peso problem” alibi for this 
hypothesis when errors display the serial cor- 
relation which is prima facie inconsistent 
with its usual formulation. Even, so, the 
errors generated in our tests are indeed 
strongly serially correlated. Though one can 
never completely rule out the possibility that 
such results as these have arisen from using 
the “wrong” data, we are inclined to believe 
that our tests are more than a mere statisti- 
cal artifact, and do show that the Swedish 
public make serially correlated errors when 
estimating inflation, and do not find it worth 
the effort to remove them. This interpreta- 
tion of the evidence is not inconsistent with 
economic rationality, because the benefits of 
improving inflation estimates may not be 
worth the extra cost of doing so. Neverthe- 
less, our results do suggest that it is inappro- 
priate to rule out a priori the use, in eco- 
nomic modeling, of expectations formulas 
that lead to serially correlated errors. ‘Though 
the existence of the Peso problem makes it 
impossible to test the proposition definitively 
in the case of ex ante forecasts, our results 
for backcasts at least open up the possibility 
that persistent expectational errors do, after 
all, have a role to play, alongside other 
rigidities, in explaining why the responses of 
variables such as output and employment to 


they are made at quarterly intervals for a 1-year period. 


Batchelor and Jonung have applied a technique devel- 
oped by Hansen and Hodrick, 1980, in an attempt to 
deal with this problem, but in doing so have rendered 
their results not directly comparable to those presented 
here, which are generated by applying OLS to backcast 
data. This exercise yielded results which did not permit 
the hypotheses of efficiency to be rejected in the case of 
forecasts, but Batchelor and Jonung attribute this result 
to a lack of power on the part of the Hansen—Hodrick 
test when applied to a small sample of data, rather than 
to any paradoxically proclivity on the part of the sub- 
jects of their study to form expectations efficiently and 
perceptions inefficiently. Clearly however this issue mer- 
its further investigation. 
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exogenous shocks themselves display. persis- 
tence in real world economies. 
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sovereign Debt as a Contingent Claim: © 
Excusable Default, Repudiation, and Reputation 


By HERSCHEL I. GROSSMAN AND JOHN B. VAN Huyck* 


The history of sovereign borrowing sug- 


gests the following generalizations about de- 


faults on sovereign debts: (1) Defaults are 
associated with identifiably bad states of the 
world. (2) Defaults are usually partial rather 
than complete. (3) Sovereign states often are 
able to borrow again soon after default. Barry 
Eichengreen and Richard Portes (1986) and 
Jeffrey Sachs (1982) provide recent accounts 
of this history. 

Motivated by these facts, this paper devel- 
ops a model in which sovereign defaults 
occur as bad outcomes of debt-servicing ob- 
ligations that are implicitly contingent on 
the realized state of the world. The interpre- 
tation of sovereign debts as contingent claims 
implies that sovereign debts serve at least in 
part to shift to lenders’ risks associated with 
verifiable events that affect the fortunes of 
the sovereign. This interpretation of sover- 
eign debts also implies that lenders sharply 
differentiate excusable defaults, which are 
justifiably associated with implicitly under- 
stood contingencies, from debt repudiation, 
which would be unjustifiable and inexcusa- 
ble. The extent of the risk shifting provided 
by sovereign debt depends on the extent of 
default that is excusable in the event of a 
bad realization." 


*Department of Economics, Brown University, Prov- 
idence, RJ 02912 and Department of Economics, Texas 
A&M University, College Station, TX 77843, respec- 
tively. The National Science Foundation under grant 
no. SES-8408873 has supported Grossman’s work. The 
Social Science Research Council and a Citicorp Grad- 
uate Fellowship have supported Van Huyck’s work. We 
are indebted to participants in NBER/FMME Summer 
Institutes and to anonymous referees for constructive 
criticisms of earlier versions of this paper. 

For economic analysis, default is usefully defined as 
any failure to meet the contractually stated servicing 
obligations on time and in full. As Steven Kyle and 
Jeffrey Sachs (1984) show, many recent partial defaults 
have taken the form of “rescheduling” of servicing 
obligations. The present discussion is not concerned 
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A critical aspect of any debt, whatever its 
risk-shifting component, is the means for 
validating lenders’ servicing expectations— 
that is, for preventing unjustifiable repudia- 
tion. In this regard, private and sovereign 
debts are fundamentally different. Private 
debts are subject to laws regarding bank- 
ruptcy and enforcement of collateral. Sov- 
ereign debts, in contrast, are above the law. 
Indeed, we can regard the power to abrogate 
commitments without having to answer to a 
higher enforcement authority to be the es- 
sential property of sovereignty. (Given this 
definition, historical cases in which . one 
sovereign or its agents seized the assets of 
another apparent sovereign who is failing to 
service its debts involve infringement of 
sovereignty.) 

The fact that’ ‘the servicing of- sovereign 
debts is not subject to external enforcement 
suggests that the decision by a sovereign not 
to repudiate its debts depends mainly on the 
sovereign’s concern about its trustworthy 
reputation for validating lenders’ servicing 
expectations. The analysis that follows for- 
malizes this idea and derives a reputational 
equilibrium in which the amount of debt and 
lenders’ expectations about contingent debt 
servicing are such that the sovereign chooses 
in all states to validate these expectations, 
thereby maintaining continued access to 
loans. The derivation of this reputational 
equilibrium focuses on the contingent debt- 
servicing policy that lenders can rationally 
expect the sovereign to follow. This expecta- 
tion determines whether the reputational 
equilibrium permits the sovereign to issue an 
amount of debt sufficient for efficient risk 
shifting. 


either with legal definitions of default or with the use of 


window dressing, largely induced by regulatory con- 


- straints, to avoid classifying debts as legally in default. 





i 
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In some existing reputational theories of 
sovereign debt—for example, Jonathan Ea- 
ton and Mark Gersovitz (1981) and Kenneth 
Kletzer (1984)—the desire for continued 
access to loans can induce a sovereign to 
service its debts, but these theories do not 
recognize that sovereign debts actually act 
like contingent claims and, hence, do not 
distinguish excusable default from unjustifi- 
able repudiation. Jeremy Bulow and Ken- 
neth Rogoff (1986) develop an alternative 
analysis of partial default that focuses on the 
deterrent to repudiation provided by poten- 
tial infringements of sovereignty, such as the 
possible seizure by lenders of certain assets 
of a debtor sovereign that are outside of its 
jurisdiction and that thereby effectively serve 
as collateral. In contrast to a model of repu- 
tation, this theory deemphasizes the dif- 
ference between sovereign debt and private 
debt. In other related literature, Robert E. 
Lucas, Jr., and Nancy Stokey (1983) develop 
a formal model of debt as a contingent claim, 
but they abstract from the problem of en- 


forcing servicing commitments. 


I. Analytical Framework 


The present analysis considers a sovereign 
who borrows either to invest in a concave 
riskfree productive technology that is avail- 
abie only to itself or to purchase riskfree 
assets that are generally available, and who 
services debt in such a way as to shift to its 
lenders the risk associated with an exoge- 
nous stochastic component of income. The 
use of debts that are implicitly contingent 
claims to facilitate risk shifting presumably 
results from the desirability of the prepay- 
ment of indemnities. By borrowing an 
amount equal to the maximum indemnity 
for which it would contract, a large agent 
like. a sovereign who wants to insure itself 
against the effects of bad states of the world 
can draw on the resources of many small 
and anonymous insurers, with whom it would 
be costly to write and to enforce contracts 
requiring the payment of an indemnity after 
the realization of a bad state of the world. 
The simplifying assumption that the technol- 
ogy is riskfree separates the sovereign’s ex- 
posure to risk from its decision to invest and 
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enables the analysis to define efficient invest- 
ment independently of the availability of 
risk shifting. 

Realizations of the exogenous stochastic 
component of income, denoted by z,, range 
from a good state, Z, to a worst state, {, and 
have a stationary probability distribution, 
p(z,), with mean z. The analysis assumes 
that z, is verifiable, either directly or indi- 
rectly. This assumption is essential to the 
lenders’ ability to treat sovereign debts as 
contingent claims and to distinguish excus- 
able defaults from unjustifiable repudiation. 
Examples of important risks that a sovereign 
faces—-such as weather, the terms of trade, 
external threats, internal discontent—are 
consistent with this assumption.” 

The sovereign’s objective in period 7 is to 
maximize the expectation of the present value 
of current and future utility from consump- 
tion over a horizon of A periods, which 
corresponds to the prospective longevity of 
the sovereign’s survival in power. This ex- 
pectation, U_, is given by 


T+h 


U,=u(c,)+E, }, Bulc), 


t=7r+]1 


(1) 
with | 
u’>0, u”<0, u'(0)=%, and 0<f<l, 


where E, is an operator that denotes an 


expectation conditional on information 


available in period 7, c, is an index of con- 
sumption in period ¢, and B is a discount 


*In practice, the verification process can involve 
“negotiations” between the sovereign and its lenders as 
well as mediation provided by impartial agencies such 
as the IMF. The prepayment of indemnities as loans 
with implicitly contingent servicing commitments allows 
the sovereign to execute the contract without waiting 
for its lenders to verify the state of the world. If a 
sovereign also faced important risks whose realizations 
lenders could not verify, then lenders could confront an 
additional risk that in some unverifiable states the 
sovereign would choose not to validate lenders’ expecta- 
tions relating debt servicing to z,. In Grossman and Van 
Huyck (1987), we develop a complementary model in 
which nominally denominated debt facilitates the shift- 
ing of risks associated with unverifiable realizations of a 
contingency that is negatively correlated with the price 
level. 
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factor that reflects the sovereign’s constant 
rate of pure time preference. 

The analysis assumes that h is a random 
variable defined over the nonnegative in- 
tegers, and, for simplicity, assumes that in 
any period the probability that the current 
sovereignty will terminate is 1— y, where 
0<y<1. Thus, the probability that A will 
turn out to be less than n+1 periods is 
l — y”. Because k is unbounded, evaluating 
U, requires a calculation of expected utility 
over an infinite horizon, with utility at date ¢ 
discounted to reflect the probability that h 
would turn out to be less than t. Specifically, 
equation (1) implies 


G weue)t Fay)" Ela). 


fet] 


The analysis assumes that lenders know $, y, 
and the function u(c). Note that, if the 
probability of termination, 1— y, is positive, 
then U, is defined even if the discount factor, 
B, equals unity. 

To focus the analysis on the intertemporal 
calculus that supports the reputational equi- 
librium, it is useful to abstract from other 
dynamic considerations that would be asso- 
ciated with the accumulation of either wealth 
or debt. Accordingly, the analysis assumes 
that the sovereign does not use either saving 
or current borrowing to finance current con- 
sumption and that the sovereign’s debts and 
investments all mature in one period. These 
assumptions, together with the assumption 
that z, is stationary, mean that the sovereign 
faces a repeated static problem, with a 
period-by-period budget constraint.? 


*Although, as explained in fn. 5 below, this setup 
simplifies the analysis considerably, it does not sacrifice 
any apparent qualitative generality in the analysis of 
reputation. The important point is that, given that feasi- 
ble limits on savings and accumulated debt are finite, 
these devices, even if available to the sovereign, could 
not facilitate complete smoothing of consumption. Thus, 
even if it could vary its wealth- over time, the sovereign 
would want to issue contingent claims to shift residual 
risk and would have an incentive to maintain its reputa- 
tion for servicing these claims. Moreover, if it could 
achieve complete risk shifting, it would not use varia- 
tions in net wealth to smooth consumption. More gener- 
ally, in an extended analysis, the randomness of z, 
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Consumption in period ¢ equals the return 
from investing the proceeds of last period’s 
borrowing, F(b,.:,), plus the current sto- 
chastic component of income, z,, minus cur- 
rent debt service, s,——that is, 


(3) e= F(b) eZ, =; 
subject to 6,20 and s,20. 


The form of F(-) reflects the sovereign’s 
choice to invest in its productive technology 
until the marginal product equals the depre- 
ciation rate of unity plus the riskfree interest 
rate p. Accordingly, F(-) satisfies F’>1+ p 
and F” <0 for b, <B and F’=1+ p and 
F” =Q for 5,_,2 B, where B is a nonnega- 
tive parameter. (In the special case of B 
equal to zero, risk shifting is the only moti- 
vation for borrowing.) The nonnegativity 
constraint on s, reflects the assumption that 
it is not feasible to write and to enforce 
contracts that require insurers to indemnify 
the sovereign after the realization of a bad 
state of the world. 

One possible interpretation on this setup 
is that c, represents national consumption 
and that F(b,_,)+ 2, is real national in- 
come. Another possibility, which may be 
more realistic, is to regard the sovereign as a 
proprietor and to interpret c, as the. propri- 
etor’s own consumption and F(b,_,)+z, 
as the -proprietor’s income from taxes and 
other sources net of expenditures necessary 
for its survival. Depending on the choice 
between these interpretations, z, can mainly 
reflect either the randomness of factors, like 
the weather or the terms of trade, that affect 
real national income or the randomness of 
factors, like external threats or internal dis- 
content, that affect the net revenues of a 
proprietary sovereign. In any event, the con- 
cavity of u(c,) motivates the sovereign to 
issue debt with planned. pean that is 
contingent on z,. 

The supply price of loans is a critical 
constraint on the ‘sovereign’s choices. The 


would represent the net variability of resources avail- 


able for current consumption and debt service after 
allowing for net current saving. 
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analysis assumes that the sovereign’s lenders 
are atomistic and that market clearing im- 
plies that the expected value of debt servic- 


-ing in period ¢ conditional on information . 


available in period :—1 equals the alterna- 
tive riskfree return on the amount lent to the 
sovereign in period ¢ —1. The expected value 
of debt servicing is the sum-over all possible 
realizations of z, cf the products of the 
probability of each state occurring and the 
amounts of servicing that lenders expect in 
each state. Accordingly, b,_, cannot exceed 
an amount given by 


(4) LV p(z,)S?_1(2,) = (1+p)b,_,, 


where S/_,(z,) is the amount of debt servic- 
ing that the lenders in period t —1 expect to 
receive in period ¢ as a function of the 
realization z,. 

The final component needed to complete 
the analytical framework is the determina- 
tion of S?_,(z,). The key element in for- 
mulating this expectation is the lenders’ per- 
ception of the strategy that the sovereign 
employs in attempting to maximize its ex- 
pected utility. The different solutions for the 
properties of sovereign debt derived in the 
following sections retlect possible differences 
in these strategies. 


II. Efficient Risk Shifting and 
Excusable Default 


To focus the analysis and provide a useful 
benchmark case,.suppose that the sovereign 
could irrevocably commit itself in period 
t—1 to a state-contingent debt-servicing 
policy for period ¢, given by 


(S) . s= Saz). 


This commitment would allow the possibility 
of excusable default, but would- preclude re- 
pudiation. By making this commitment, the 
sovereign would determine the lenders’ ex- 
pectation of actual debt servicing to be- 


(6) Salz) =S,_4(z,). 


At the same time, the sovereign would have 
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no effective choice regarding the amount of 
current income to devote to servicing debt 
issued last period. Its current choices would 
involve only the amount of new debt to issue 
and the contingent servicing commitment to 
attach to this debt. 

Because the analysis abstracts from inter- 
period variations in the sovereign’s wealth 
and assumes that z, is Stationary, the 
sovereign’s choices would be time invariant.’ 
Specifically, the maximization of U, with an 
irrevocable state-contingent debt-servicing 
commitment would reduce to the choice in 
each period ¢—1 of the value of b,_, and 
the servicing policy S,_,(z,) that maximizes 
E,_,u(c,), subject to the constraints given by 
equations (3)--(6). The critical values for this 
problem, denoted b and S(z,), would be 


(7) b= man Bee 


(8) S(z,) =z,-Z+(1+p)b2z,-§. 


Equations (7) and (8) indicate that a 
sovereign who is irrevocably committed not 
to repudiate would be able both to invest 
efficiently, thereby maximizing expected con- 
sumption, and to achieve efficient risk shift- 
ing, which in this case involves shifting to its 
lenders all risk associated with the stochastic 


component of income. Equation (7) gives an 


amount of borrowing $ that would be suf- 
ficient both for the sovereign to invest in its 
productive technology until the marginal 
product equals one plus the riskfree interest 
rate and for its lenders to prepay the indem- 
nity associated with the worst possible state 
of the world, which is the discounted value 
of the difference between z and. ¢. If B is 
less than (Z —£)/(1+ p), efficient risk shift- 
ing requires borrowing beyond the level nec- 


_essary for efficient investment. (In fact, as 


Robert Solomon (1981) points out, between 


“If the sovereign could accumulate wealth and debt, 
and if its discount factor, By, differs from the lenders’ 
discount factor, (1+ p)7!, then it would formulate in- 
stead a dynamic plan involving a rising or falling ex- 
pected profile of net borrowing, debt servicing, and 
expected consumption. 
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1974 and 1978 non-oil-producing developing 
countries used almost twenty percent of their 
net capital inflow to accumulate liquid re- 
serves.) i 

Equation (8) gives a debt-servicing com- 
mitment S(z,) that calls for adding the 
difference, which can be positive or negative, 
between the realization of z, and the mean 
value Z to repayment of loans at interest rate 
p. The interpretation of this servicing policy 
is that the sovereign would provide full 
servicing, equal to Z—Z+(1+ p)d, in the 
good state, but would provide less than full 
servicing in inferior states, with the amount 
of default equal to the difference between Z 
and z, In the case of b equal to (z—{)/ 
(1+,o), the worst state would imply total 
default. (If S(z,) were the actual servicing 
policy, the observation that default, either 
partial or total, is not the usual outcome 
would imply that the probability of the good 
state, p(Z), is large relative to the probabil- 
ity of inferior states.) 

With complete risk-shifting consumption, 
denoted by ¢, would be independent of the 
realized state of the world and equal to the 
expected value of income, which is the sum 
of the net revenue from the sovereign’s in- 
vestments and the mean value of z,. Specifi- 
cally, substituting b and S(z,) into equation 
(3) gives l 


(9) c,=é=F(b)—(1+p)b+z2Z forall. 
Hil. Sovereignty and Repudiation 


In reality, sovereigns do not, and by 
their nature cannot, irrevocably commit 
themselves to’ a specific state-contingent 
debt-servicing policy, -or to any other policy. 
Consequently, although providing a useful 
benchmark case, the analytical strategy of 
treating the lenders’ expectations of debt 
servicing as a choice variable for the sover- 
eign, which led to equations (7)—(9), does 
not provide an empirically relevant analysis 
of sovereign debt. 

To consider another useful benchmark 
case, suppose that, in addition to being inca- 
pable of controlling expectations through 
irrevocable commitments, the sovereign were 
to ignore any effect that its current actions 
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have on expectations of its future actions. 
Instead, suppose that the sovereign were to 
choose actual current servicing, s,, to maxi- 


. mize the expected utility of consumption, 


U., taking the lenders’ expectation of its 
actual servicing policy for future periods as 
given. Because the partial effect of reducing . 
s, is to increase c, and U,, the solution to 
this problem would be to set s, equal to zero 
for all realizations of z,. In other words, the 
solution would be for the sovereign to re- 
pudiate any positive servicing commitments. 

Assuming that lenders correctly perceive — 
that the sovereign will face the same prob- 
lem and obtain the same solution in the next 
period, lenders would anticipate repudiation 
of all positive servicing commitments in the 
future. Accordingly, for all t>7, S (z) 
would equal zero and by equation (4) 6,_, 
also would equal zero. In other words, the 
strategy of repudiation, which follows from 
treating the servicing expectations of lenders 
as given, would mean that in equilibrium the 
sovereign would be unable to issue any debt 


` and would be unable to shift any risk. This 


strategy would be “suboptimal” in the sense 
that a policy that involved positive debt 
servicing in some states would yield higher 
expected utility, if the sovereign could con- 
vince its lenders to expect such a policy. The 
debt-servicing policy S(z,), given by equa- 
tion (8), is the best of such policies. 


IY. Reputational Equilibrium 


The analysis in the preceding sections as- 
sumed that the sovereign treats lenders’ ex- 
pectations of debt servicing either as a con- 
trol.variable or:as a given. Both theoretical 
considerations and actual experience suggest 
that these assumptions fail to capture essen- 
tial elements of the market for sovereign 
debt. To develop a more interesting model, 
suppose that, although the sovereign cannot 
irrevocably commit itself to a debt-servicing 
policy and, hence, cannot directly control 
lenders’ expectations about future debt ser- 
vicing, if can influence these expectations 
through its choice of the amount of current 
income to devote to debt servicing. The link- 
age between current servicing and expecta- 
tions about future servicing is the sovereign’s 
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reputation for debt servicing. Given this 
linkage, a rational sovereign would consider 
how its current servicing decision affects its 
reputation and how its reputation affects its 
ability to borrow now and in the future. 
(Assuming that the process by which the 
sovereign appoints and removes individual 
policymakers permits the sovereign to trans- 
late its objectives into policy, reputation re- 
sides with the sovereign and not with indi- 
vidual policymakers.) 

An essential property of a reputational 
equilibrium is that the debt-servicing policy 
that lenders in period ¢t—1 expect the 
sovereign to follow in period £ is self-con- 
firming. This property means that for all 
possible realizations of z, the expected pres- 
. ent value of the sovereign’s utility is at least 
as large if the sovereign validates the lenders’ 
servicing expectation as it would be if the 
sovereign were to repudiate its debts. Be- 
cause the analysis abstracts from interperiod 
variations in the sovereign’s net wealth and 
assumes that z, is stationary, the equilibrium 
debt-servicing policy, denoted by S*(z,), is 
time invariant. : 

. The market-clearing condition, equation 
(4), associates S*(z,) with a time-invariant 
equilibrium amount of debt, denoted by b*, 
according to | 


(10) Lip(z,)S*(z,) = (1+ p)b*. 


Moreover, the consumption constraint, 
equation (3), associates S*(z,) and b* with a 
time-invariant equilibrium relation between 
consumption and the realization of z, ac- 
cording to 


(11) ¢,=C*(z,) 
= F(b*)+2z,—S*(z,) forall t. 


To analyze the determination of S*(z,), 
and hence of b* and C*(z,), assume that 
sovereigns always follow a rational debt- 
servicing policy, except for an infinitesimal 
fraction, e, of instances in which sovereigns 
inexplicably lose the rational ability to resist 
the temptation to repudiate their debts. A 
loss of rational restraint could result either 
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from idiosyncratic irrationality or from a 
breakdown in the process by which the indi- 
viduals who compose the sovereignty reach 
their decisions. Either infirmity, however un- 
commonly it occurs, is intrinsic and irre- 
versible. ' 

Knowing this pattern of sovereign behav- 
ior, lenders, when dealing with a specific 
sovereign, attach probability 1~«, which 
equals approximately unity, to rational and, 
hence, trustworthy behavior as long as this 
sovereign has not repudiated its debts within 
the memory of these lenders. In this case, 
lenders would expect the sovereign to follow 
the debt-servicing policy S*(z,), and the 
sovereign would borrow the amount b* and 
obtain consumption C*(z,). 

If, alternatively, this sovereign has repudi- 
ated its debts within the memory of current 
lenders, these lenders would expect such un- 
trustworthy and irrational behavior in the 
future. In this case, which occurs with 
frequency e, or approximately zero, the 
market-clearing condition would imply that 
this sovereign would be unable to issue any 
debt and, hence, would obtain the autarkic 
outcome of consumption equal to z,. 

Denote the length of time over which cur- 
rent lenders would remember a repudiation 
to be k periods, where 0 < k < œ. The anal- 
ysis assumes that k is a random variable 
and, for simplicity, assumes that in any 
period the probability that lenders would 
permanently forget a past repudiation is a 
constant 1— ô, where 0<6<1. Thus, the 
probability that k would turn out to be less 
than n+1 periods is 1—6” If & equals 
unity, then k is infinite and a sovereign 
would never recover a trustworthy reputa- 
tion once it had been lost. 

Given that the sovereign has a trustworthy 
reputation in’ period +—1, these assump- 
tions about lenders’ expectations imply that 


(12) forr=7, S*(z,)=S*(z,) and 
forr+h>t>, 
either S*(z,) = S*(z,) 
if s,_,=S*(z,_,) forall j=1,...,k 


or 5°(z,)=0 otherwise. 
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To derive the implications of condition 
(12), define V, to be the expected present 
value of the sovereign’s utility over an hori- 
zon that corresponds to either the prospec- 
tive longevity of the sovereign’s survival in 
power or the prospective longevity of lenders’ 
memories of a repudiation, whichever is 
shorter—that is, 


T-+min(h, k) 
(13) V.=u(c,)+ E,. 2; 


t=T+1 


Bufe). 


Only at most the next k periods are rele- 
vant, because the sovereign’s utility after 
period ++ k is independent of the decision 
regarding repudiation in period r. Given the 
stochastic processes that generate h and k, 
equation (13) implies 


(14) V.=u(c,) 


+ £ (B8) 7 


t=Tt+1 


E,|u(c,)]. 


According to equation (14), the contribution 
of expected utility in period ż to V, is smaller 
the larger is ¢, the larger is the sovereign’s 
rate of pure time preference, the larger is 
probability that in any period the current 
sovereignty will terminate, and the larger is 
the probability that in any period lenders 
would forget a past repudiation. 

The self-confirming property of the debt- 
servicing policy $*(z,) implies that, together 
with b* and C*(z,), it satisfies the condition 


(15) V* >V? 


for all possible realizations of z,, 


where V,* is the expected utility associated 
with a program that involves borrowing b* 
for all t > 7 —1 and servicing debt according 
to the policy S*(z,) for all t >-.r, and where 
V? is the expected utility associated with 
borrowing b* in period r—1 and repudiat- 
ing this debt in period +. Condition (15) says 
that for all possible realizations of z, a plan 
that for all ż > r involves validating lenders’ 
expectations that actual servicing will con- 
form to S*(z,) would generate in period T as 
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least as high an expected present value of 
utility for a rational , Sovereign as would a 
decision to repudiate.” 

To calculate V,*, set c, in equation (14) 
for all t2>7 equal : to C*(z,) as given by 
equation (11). Given the probability distri- 
bution p(z,), this calculation yields 


(16) V,* =u[F(b*)+ z,- S*(z,)] 
F — Erz) 


<u[ F(b*) + z,—$*(z,)], 


where a= By6 and where equation (10) re- 
lates b* and S*(z,). To calculate V.°, observe 
that by repudiating its debts in period 7, the 
sovereign would obtain consumption equal 
to F(b*)+ z,.° At the same time, according 
to condition (12) repudiation would cause 
the sovereign to lose its trustworthy reputa- 
tion. Consequently, in all. subsequent peri- 
ods, the autarkic equilibrium under antic- 
ipated repudiation, analyzed in Section HI, 
would obtain. In this equilibrium, the 
sovereign is unable to borrow and, accord- 
ingly, obtains consumption equal to z,. Sub- 
stituting these terms into equation a4) yields 


(17) V°=u|F(b*)+z,| 
a 
ŝIf the analysis did not abstract from interperiod 


variation in the sovereign’s net wealth, then the equi- 
librium amount of debt and the equilibrium debt-servic- 


_ ing policy would not generally be time invariant. In this 


case, the analysis would have to calculate instead of V,* 
the expected value of a dynamic. program in which the 
equilibrium amount of debt and the equilibrium debt- 
servicing policy in each period would depend on the 
history of realizations of the stochastic component of 
income. 

SIf the sovereign could accumulate wealth, then it 
would consume less than F(b*)+z, in period r. It 
would save part of the amount, S*{z,), realized from 
repudiation to use to enhance consumption in future 
periods that have low realizations of z,- This possibility 
would imply a somewhat larger value of V? than given 
by equation (17). 
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Taking account of reputation, the ratio- 
nal sovereign’s problem in period 7 is to 
choose the amount of debt b*, and the as- 
sociated implicit contingent debt-servicing 
policy S*(z,), to maximize U, as given by 
equation (2) subject to the constraints given 
by equations (10) and (11) and condition 
(15). The fact that the combination b* and 
S*(z,) satisfies condition (15) ensures that 
the rational sovereign also chooses in each 
period to validate S*(z,) by actually follow- 


ing the debt-servicing policy given by s, equal - 


to S*(z,). This solution to the sovereign’s 
choice problem implies that together with 
amount of debt b* the equilibrium debt- 
servicing policy $*(z,) is the expectation that 
provides the largest value of U, subject to 
the condition that this expectation is self- 
confirming. The assumption that the equi- 
librium corresponds to the best self-con- 
firming expeciation is consistent with the 
sovereign’s ability to make an active decision 
to issue the amount of debt b* and, thereby, 
to focus lenders’ expectations on the associ- 


ated debt-servicing policy S*(z,). 


V. Does Reputation Support Efficient Risk 
Shifting? 


The analysis in Section II derived the con- 
tingent debt-servicing policy S(z,), and the 
associated levels of debt and consumption, b 
and ĉ, that produced the highest value of U,, 
given $°(z,) and s, equal to S(z,). If condi- 
tion (15) is not a binding constraint on the 
choice of b* and S*(z,), then S(z,) is a 
self-confirming debt-servicing policy. Ac- 
cordingly, S*(z,) equals S(z,), b* equals b, 
and C*(z,) equals ¢. As discussed above, the 
amount of borrowing b enables the sovereign 
both to invest efficiently, thereby maximizing 
expected income, and to achieve efficient risk 
shifting, which in the present framework in- 
volves shifting all risk to the lenders. 

If, alternatively, condition (15) is a bind- 
ing constraint, then S(z,) is not a self-con- 
firming servicing policy, and lenders would 
not permit the sovereign to borrow the 
amount 6. Such a constraint would prévent 
the sovereign either from shifting all risk to 
the lenders or from investing efficiently or 
both. 
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To analyze the conditions that determine 
whether condition (15) is a binding con- 
straint, it is necessary to evaluate condition 
(15) for S*(z,) equal to S(z,) and b* equal 
to b. Making the appropriate substitutions in 
equations (16) and (17) gives 


(18) V,* 





„g= u| F(Ė)-(1+ p)b +z] 





= u| F(b)—-(1+ p)b+2| 


fe 
l—«a 


and l 
bab u| F(b) + Z, 
& 
7 a Le p(z,)u(z,). 
A z 


Comparison of equations (18) and (19) 





_ Shows that, if b* were equal to b and 


S*(z,) were equal to S(z,), current con-’ 


. siderations would favor repudiation be- 


cause u[ F(b)—(1+ p)b+ Z] is smaller than 
u[ F(b)+ z,], whereas future considerations 
would discourage repudiation because [a/(1 
—a)jul F(6)—~G+p)b+Z] is larger than 
[(a/(1 — a}, p(z,)u(z,). Looking more 
closely at future considerations, the factors 
that would weigh against repudiation are a 
larger value of a, greater concavity (risk 
aversion) of the function u(-), a larger vari- 
ance of the stochastic variable z,, and a 
larger net return from investing the loan 
F(b)—(1+ p)b. | 
Looking more closely at current consider- 
ations, the factors that would weigh against 
repudiation are a smaller realization of S(z,) 
and again, greater concavity of u(-). Be- 
cause the largest value of S(z,) would obtain 
if the realization of z, is the good state Z, 
the incentive to repudiate would be largest in 
the good state. Hence, if S(Z) satisfies con- 
dition (15), then S(z,) satisfies condition 
(15) for all possible realizations of z,. 
Suppose, alternatively, that S(z,) does not 
satisfy condition (15) for z, equal to or 
greater than Z—x, where O<x<Z-—{. In 
this event, the policy S*(z,) would involve 
less planned servicing for z, equal to or 
greater than Z — x than does S(z,) such that 
S*(z,) satisfies condition (15) as an equality 
for these states. Accordingly, the equilibrium 
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debt-servicing policy would. be kinked with 
servicing being relatively invariant across 
realizations of z, equal to or greater than 
Z — x. Specifically, treating condition (15) as 
a binding constraint and, hence, as an 
equality implies that 


aS*(z,) l] 
az, LR (b*) + z, S*(z,)] 


This derivative, although positive, is less 
than unity, in contrast to dS(z,)/dz,, which 
equals unity. 

With S*(z,). less than S(z,) for one or 
more values of z,, equation (10) implies that 
b* is less than b. Specifically, equation (10) 
implies that 

x Z 
=b- }, 


z= Z—x 


x p(z)[S(z,)— S*(z,)]/A+.).. 


Given that b* is less than 5, equation (7) 
implies that b* is less than either B or 
(Z —%)/(l + p) or both. In other words, the 
sovereign cannot borrow enough either to 
invest in its productive technology until the 
marginal product equals one plus the riskfree 
interest rate or for its lenders to prepay the 
indemnity required in the worst state of the 
world under complete risk shifting or both: 

The simplest case to analyze has b* suffi- 
cient for efficient investment but insufficient 
for efficient risk shifting—that is, 


z—§ 
1+ p 





>b*> B. 


In this case, because investment remains ef- 
ficient, the expected value of consumption, 
given by F(b*)—(1+ p)b*+ zZ, is still equal 
to č. Actual consumption, ‘as given -by equa- 
tion (11), however, depends on the realized 
state of the world. Specifically, for realiza- 
tions of z, less than Z— x, C*(z,) is smaller 
than ¢, whereas, for realizations equal to or 
larger than Z—x, C*(z,) is larger than č. 
The amount of borrowing b* is such that the 


lenders prepay an indemnity sufficient to’ 


equalize consumption for all realizations of 
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A less than Z — x. Specifically, OE Non 
in these states is given by 

Z 


y v2 1Sz,)~ $2.) 


seri 
: z=Z-x 


for all z, < Z- x. 


Another instructive case has b* sufficient 


for efficient risk shifting but insufficient for 
efficient investment— that is, 


-og Zał 
b= B> b*> 
l+p 





In this case, the expected value of consump- 
tion, given by F(b*)—(1+ p)b* +Z, is less 
than ĉ,. the expected value of consumption 
associated with efficient investment. More- 
over, it would not ‘be optimal for the- 
sovereign to choose the servicing policy that 

would yield the same consumption for all- 
realizations of. z, A policy of low .debt 
servicing in bad states, which would be 
required for state-invariant consumption, 
would reduce borrowing. further below the 
level necessary for efficient investment. If b* 
is less than B, the sovereign faces a tradeoff 
between expected consumption and the vari- 
ability of consumption. Thus, even though 
the sovereign is risk averse, S*(z o) generally 
will be such that consumption in bad states 
is less than in good states. 

As a final case, b* can be insufficient both 
for efficient investment and for efficient risk 
shifting—that is, 

ae $ 
PAIO il+ P 


b* < min 








In this case, ihe sovereign faces an even less 
favorable tradeoff between the expected 
value of consumption and the riskiness of 
consumption.’ 


"See Van Huyck (1986) for further analysis of cases 
in which 5* is less than b. As noted above, if, for 
whatever reason, the level of borrowing is not large 
enough for complete risk shifting, the sovereign, if it 
could, would use variations in its net wealth to reduce 
variations in consumption. 
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VI. Summary 


The power to abrogate commitments with- 
out having to answer to higher enforcement 
authority is the essential property of sov- 
ereignty. Consequently, a sovereign’s deci- 
sion to validate lenders’ expectations about 
the servicing of its debts presumably de- 
pends mainly on the sovereign’s concern for 
its trustworthy reputation for debt servicing. 
A trustworthy reputation is valuable because 
it provides continued access to loans. 

This paper has analyzed a reputational 
equilibrium in a model that interprets sover- 
eign debts as contingent claims that both 
finance investments and facilitate risk shift- 
ing. In this model, lenders differentiate ex- 
cusable defaults, which are associated with 
implicitly understood contingencies, from 
unjustifiable repudiation. The model implies 
that, although all bad states of the world 
cause excusable default, only the worst state 
of the world can produce total default. 
Moreover, being consistent with lenders’ ex- 
pectations about debt servicing, excusable 
default does not preclude continued access 
to loans. 

In the reputational equilibrium, the 
amount of debt and associated .debt-servic- 
ing expectations are such that the short-run 
gains from repudiation are smaller than the 
long-run costs from loss of a trustworthy 
reputation. Thus, although sovereigns some- 
times excusably default, they always resist 
the temptation, which is greatest in the good 
state of the world, to repudiate their debts. 
The equilibrium amount of debt can be suf- 
ficient to permit efficient risk shifting and 
efficient investment or it can be constrained 
in a way that limits risk shifting and can also 
restrict investment. The factors that tend to 
produce such a debt constraint include a 
high rate of pure time preference for the 
sovereign, a high probability per period that 
the sovereign will not survive in power, a 
high probability per period that lenders 
would permanently forget a past repudia- 
tion, low risk aversion for the sovereign, and 
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a low net return from the sovereign’s invest- 
ments. 
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G. E. Moore and J. M. Keynes: 
A Missing Chapter in the History of the Expected Utility Model 


By BRADLEY W. BATEMAN* 


In his posthumous essay “My Early Be- 
liefs” John Maynard Keynes outlined his 
“mental history in the dozen years before 
the war’ and asserted their importance to 
his later life. Yet, despite Keynes’s assertion 
of the importance of this part of his “mental 
history” to who he was and what he did in 
1938 (the year the essay was written and two 
years after he published The General Theory), 
there is virtually no treatment in the history 
of economic thought of this period of his life 
or of its impact on his economic theory. The 
purpose of this essay is to treat an episode of 
that period of his life which has particular 
analytical importance and to suggest some 
ways in which it might contribute to a clearer 
understanding of his later work in eco- 
nomics. 

The episode in Keynes’s early life which 
the essay examines is his role in G. E. 
Moore’s changing opinion about the impor- 
tance of rules in ethics. In his classic Prin- 
cipia Ethica (1903), Moore had originally 
asserted that obeying certain rules is a neces- 
sary part of ethically correct behavior; but in 
his Ethics (1912) he makes exactly the op- 
posite argument saying that individuals are 
always justified in judging a-case for them- 
selves and are.under no obligation to follow 
general rules of conduct. In the parlance of 


*Department of Economics, Grinnell College,. Grin- 
nell, IA 50112. More so than most essays, this one 
depended on the help of many people in many places. I 
especially wish to thank Michael Halls, Judith Allen, 
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the J. M. Keynes’ Papers in King’s College Library was 
kindly granted by King’s College, Cambridge Univer- 
sity. Unpublished writings of J. M. Keynes © The 
Provost and Scholars of King’s College, Cambridge 
1970. 


1098 


modern philosophy Moore switched from a 
rule utilitarian argument to an act utilitarian 
argument.! L 

The first four sections of the essay detail 
the role which Keynes played in Moore’s 
change of heart. The final section discusses 
how the episode affects our understanding of 
Keynes’s work in economics. 


1I. Principia Ethica, Expected Good, 
and Rules 


Principia Ethica was written in an effort to 
solve two fundamental problems in ethics: 


What kind of things ought to exist for - 
their own sakes? and What kind of 
actions ought we to perform? 

[1903, p. vin] 


G. E. Moore found, however, that at the 
heart of both questions was the question of 
the meaning of “good.” He reasoned that it 
is good things which should exist and that 
the actions we should take are those that 
bring about the most good. Thus, in order to 
answer either of the two fundamental ques- 
tions one must first know what makes some- 
thing good. 

Moore’s answer to the question of what is 
good was shockingly straightforward: good 
is good. Moore believed that good was “in- 
definable” in terms of any other concept or ` 
thing in the world. In this regard, Moore 
especially wanted to refute the idea of the 


"J. ©. Urmson (1970) is apparently the first discus- 
sion of the change in Moore’s position. Roy Harrod 
(1951) discusses the relationship between Moore and 
Keynes but suggests that it had little or no bearing on 
Keynes’s work in probability. Robert Skidelsky (1983) 
suggests that there was an intellectual, analytical con- 
nection, but does not develop the idea. 
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utilitarians that good was synonymous with 
pleasure or utility. ` 


If I am asked ‘What is good? my 
answer is that good is good, and that is 
the end of the matter. Or if I am asked 
“How is good to be defined?’ my answer 
is that it cannot be defined; and that is 
all I have to say about it. But disap- 
pointing as these answers may appear, 
they are of the very last importance. ..if 
I am right, then nobody can foist upon 
us such an axiom as that ‘Pleasure is 
the only good’ or that ‘The good is the 
desired’ on the pretence that this is- 
‘the very meaning of the word.’ 


Moore accepted that either pleasure or util- 
ity could be characterized as good, but he 
did not believe that they necessarily were.” 

Amartya Sen and Bernard Williams (1982, 
pp. 3-4) have characterized utilitarianism as 
“welfarist consequentialism,” by which they 
mean that it advocates that actions should 
be evaluated in terms of their consequences 
and individual preferences. In contrast to 
this standard, Moore’s system of ethics could 
be characterized as “objective consequential- 
ism.” Moore believed that actions should be 
evaluated in terms of their consequences, but 
he believed that the value placed on those 
consequences was an objectively: identifiable 
amount of gocd. 

' Given the existence of the objective qual- 
ity good, the answers to Moore’s two funda- 
mental questions really consisted of making 
correct ethical judgments of what things pos- 
sessed this quality and of what actions caused 
good things to exist. Moore felt, however, 
that the two types of judgments were fre- 
quently confused in philosophical discourse. 


Making judgments of the first type was a . 


fairly straightforward matter of correct iden- 
tification and something which posed no 
serious problems if people could be dis- 
abused of the ideas put forward by utilitar- 
ians. In the second case, though, there was 


21bid., p. 10. See Bernard Williams (1972, pp. 52-54) 
for a discussion of the fallacies in Moore’s position. 
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also the difficult question of identifying 
causality. 


Whenever we judge that a thing is ‘good 
as a means,’ we are making a judgment 
with regard to its causal relations: we 
judge both that it will have a particular 
kind of effect, and that that effect will 
be good in itself. But to find causal 
judgments that are universally true is 
notoriously a matter of extreme dif- 
ficulty..:. With regard, then, to what 
are the most frequent objects of ethical 
judgments, namely actions, it is obvi- 
ous that we cannot be satisfied -that 
any of our universal causal judgments 
are true, even in the sense in which 
scientific laws are so. [1903, p. 22] 


Moore’s solution to. the dilemma was the 
advice that we follow rules. Certain well- 
established rules, he felt, represented the ac- 
cumulated knowledge that in the majority of 
cases the rule resulted in the highest valued 
consequence. 

Moore’s argument in favor of rules is a 
precursor of the more modern versions of 
rule utilitarianism in that it depends on a 
probabilistic argument or an application of 
what we now term the expected utility (EU) 
model.? Moore’s argument was that the best 
course of action was the one with the highest 
expected (or most probable) good. 


We have, however, not only to consid- 
er the relative goodness of different 
effects, but also the relative probability 
of their being attained. A less good, 
that is more likely to be attained, is to 
be preferred to a greater, that is less 
probable, if the difference in probabil- 
ity. is great enough to outweigh the 
difference in goodness.  [1903, p. 166] 


One must consider both the goodness of an 
action’s consequences, and the frequency 


In the case of Moore and Keynes, it is, of course, 
more correct to refer to the EG (expected good) model, 
The generic use of EU, regardless of the nature of the 
utility involved, is established in Paul Schoemaker, 
(1982, p. 538). For a discussion of the rule and act 
versions of utilitarianism, including references, see J. J. 
C. Smart and Bernard Williams (1973, pp. 9-12). 
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with which they occur, before deciding how 
to act; the correct action is then the one 
which has the greatest frequency of good 
outcomes and not necessarily the one which 
has the highest valued (but infrequent) out- 
comes. - 

Moore actually felt that full knowledge of 
the probabilities needed for making EU 
calculations was impossible. One could not 
know all the possible consequences of one’s 
actions through the infinity of time, or the 
relative frequencies with which different con- 
sequences would occur over such an horizon. 
For this reason, Moore argued that one must 
make an assumption that the long-run prob- 
ability of “bad” results from any particular 
action is very small due to the intervening 
circumstances beyond one’s control; on 
the basis of this assumption, one could 
then make short-run EU calculations over 
. the range of time for which one did know 
the relative frequencies of different conse- 
quences. 

It was over this shorter, knowable horizon 
‘that Moore made his argument for adhering 
to rules. Moore accepted that most of the 
rules actually adhered to in society did, in 
fact, generally cause the greatest good. 


It seems, then, that with regard to any 
rule which is generally useful, we may 
assert that it ought always to be ob- 
served, not on the ground that in every 
particular case it will be useful, but on 
the ground that in any particular case 
the probability of its being- so is greater 
than .that of our being likely to decide 
rightly that we have before us an in- 
stance òf its disutility. In short, though 
we may be sure that there are cases 
where the rule should be broken, we 
can never know which those cases are, 
and ought, therefore, never to break it. 

[1903, pp. 162-63; italics in original] 


II. Keynes’s Early Critique of Rules 


No one familiar with Keynes’s life will fail 
to understand that as a young man he had 
little or no regard for general rules of con- 
duct. In “My Early Beliefs,” Keynes lists 
this as one of the chief characteristics of 
himself and his friends at that time. 


et AHH 
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We entirely repudiated a personal lia- 
bility on us to obey general rules. We 
claimed the right to judge every indi- 
vidual case on its merits, and the wis- 
dom, experience and self-control to do 
SO successfully. This was a very im- 
portant part of our faith, violently and 
aggressively held, and for the outer 
world it was our most obvióus and 
dangerous characteristic. 

. [Keynes, X, p. 446] 


Unfortunately for Keynes and his friends 
they were not only ardently opposed to 
obeying rules; they were also ardent disci- 
ples of G. E. Moore. Having all entered 
Cambridge at about the time that Moore 
published Principia Ethica, they were greatly 
influenced by him andibecame members with 
Moore in the secret society known as the 
Apostles. Moore’s renunciation of classical 
(welfarist) utilitarianism had an emancipat- 
ing effect on the younger Apostles and left 
them free to contemplate the nature of things 
which could correctly be characterized as 
good. 


I went up to Cambridge at Michaelmas 
1902, and Moore’s Principia Ethica 
came out at the end of my first year. 

..its effect on us, and the talk which 
preceded and followed it, dominated, 
and perhaps still dominate, everything 
else.... The influence was not only 
overwhelming;...it, was exciting, ex- 
arate te, the beginning of a renais- 
sance. '[Keynes, X, p. 435] 


Something in this chemistry was not right, 


however. Although Moore liberated the 


younger Apostles from classical utilitar- 
ianism he was also an advocate of following | 
rules, 


Now what we got from Moore was by. 
no means entirely what he offered us. - 
.we set on one side, not only that 
part of Moore’s fifth chapter on ‘Ethics 
i Relation to Conduct’ which dealt 
with the obligation so to act as to 
produce by causal connection the most 
probable maximum of eventual good 
through the whole procession of future 
ages (a discussion which was indeed 
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riddled with fallacies), but also the part 
which discussed the duty of the indi- 
vidual to obey general rules. 

[Keynes, X, pp. 436, 446] 


Unlike the other Apostles, however, who ap- 
parently chose just to ignore Moore’s argu- 
ment, Keynes felt- ‘compelled to examine its 
numerous “ fallacies” and disprove the argu- 
ment. 


It was an important object of Moore’s 
book to distinguish between goodness 
as an attribute of states of mind and 
rightness as an attribute of actions. He 
also has a section on the justification of 
general rules of conduct. The large part 
played by considerations of proba- 
bility in his theory of nght conduct 
was, indeed, an important contributory 
cause to my spending all the leisure of 
many years on the study of that sub-. 
ject. | [Keynes, X, p. 445]. 


_. The earliest textual evidence of Keynes’s 
interest in this problem is in a set of notes. he 
wrote in the summer and fall of 1905 enti- 
tled “Miscellanea Ethica.” There he explores 
the nuances of Moore’s conception of good 
and outlines a “scheme of a complete ethical 
treatise.” It is here that Keynes first notes an 
interest in. the question of the validity of 
rules. Under a list of questions to be ad- 
dressed Keynes includes “the exceptions to 
the rule that truth stands first” and elsewhere 
he mentions .“the difficult question of the 
probable grounds of action, and the curious 
- connexion between ‘probable’ and ‘ought. ey 

Keynes’s first treatment of this “curious 
connexion” as a problem arising specifically 
from Principia Ethica is in a paper he pre- 
sented to the Apostles which took its name 
from the fifth chapter of Moore’s book.’ 


“All of the quotes in this paragraph are from the 
unpublished manuscript which is deposited in the Kings 
College Library, Cambridge University. No page num- 
bers are given since the original manuscript has no 
pagination. 

>Robert Skidelsky (1983, p. 152) dates this man- 
uscript 23 January 1904, but there is no date on the 
Manuscript. Keynes makes reference in the paper to 
Pearson’s work, but Keynes does not list having read 


‘argument for rules, and 
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“Ethics in Relation to Conduct” is an at- 
tempt to uncover the fallacies in Moore’s 
“the crux of the 
matter lies in the meaning of probability.” $ 

Keynes’s purpose in his paper was to find 
some way to argue against Moore’s prob- 
abilistic argument for rules. The tack he 
chose was to argue against Moore’s use of a 
frequency theory of probability. 


I am not clear as to what interpretation 
underlies Moore’s use of the word. 
[probability]. There is, however, one 
view at least which does necessitate 
just such a proof as Moore declares to 
be necessary; and it is this view which 
I shall mainly discuss. ; 

Any adequate definition of probabil- 
ity I have never seen, and I am unable 
to give one; but it is possible to try to 
refute given definitions and to find out 
the real questions at issue. It is con- 
stantly assumed that the correctness of 
such an assertion as ‘this is probably 
so’ can be- confirmed or refuted by 
future events. In other words it is sup- 
posed that the statement of a probabil- 
ity makes a prophecy of certain truths 
concerning events. According to this 
view ‘x will probably happen’ means ‘I 
do not know whether x will happen in 
any particular case, but if a large num- 
ber of cases be taken, I do know for 
certain that x will happen more often 
than not.’ [1905] 


Probability had not been defined in Principia 
Ethica, but Keynes’s characterization of 
Moore’s implicit theory as a frequency the- 
ory was certainly correct. Moore had clearly 
stated that the argument for rules was based 
on probability in the sense that certain rules 
should be followed since they result in the 
greatest frequency of good outcomes. Simi- 
larly, his argument against breaking these 


this work in his reading journal until 1907. There is no 


mention of Keynes’s reading of the paper in the Apos- 
tles’ records. 

All of the references are to the unpublished 
manuscript which is deposited in the King’s College 
Library, Cambridge University. No page numbers are 
given since the original manuscript has no pagination. 


1102 THE AMERICAN ECONOMIC REVIEW 


rules was the impossibility of knowing in 
which “particular case” the rule will fail to 
yield the best possible outcome. 

The type of theory which Keynes found 
most appealing as an alternative was one in 
which a probability is a degree of belief in a 
proposition rather than the relative frequency 
with which something happens. He argued, 
for instance, that when one talks about flip- 
ping a coin that “the probability of a head is 
one-half” is not a statement which concerns 
the frequency with which heads have oc- 
curred in the past or will occur in the future. 
Instead, it is a statement of the degree to 
which we believe that heads will come up 
given what we know about the coin, the coin 
tosser, and past experiments of a similar 
type. (See below, Section III.) 


Surely it is plain that “heads and tails 
are equally probable” means simply 
and solely that “there is no known 
reason favouring either heads or tails” 
and that this is the meaning of the 
‘addition. “if the tossing is fair.” A toss 
is clearly fair if no party to the transac- 
tion knows of any reason favouring the 
fall of either heads or tails. And the 
interpretation that is true in this case 
seems to me to be equally satisfactory 
in the general case. A statement of 
probability always has reference to the 
available evidence and cannot be re- 
futed or confirmed by subsequent 
events. 


The change to using degrees of belief 
meant that when one made an EU calcula- 
tion one was not determining the course of 
action with the highest percentage of good 
outcomes. Instead, one would be trying to 
find the action in which one would have the 
highest degree of belief in a good outcome. 
With Keynes’s theory of probability the good 
of each possible outcome would be multi- 
plied by the degree of belief that one had in 
its occurrence, giving a product of good and 
degree of belief. The summation of these 
products would be the expected good of an 
action and might be said to represent the 
degree of expected goodness of the action. | 

This alternative conception freed one from 
Moore’s “rules of Common Sense” since one 
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was no longer obligated to act according to a 
frequency of outcomes. Each case could now 
be considered on its own merits. 


He [Moore] holds that, in the case of a 
rule of action which is right generally 
but not always,.an individual is never 
justified in supposing that his is one of 
the exceptional cases.... we can 
say is that a rule of action is in general 
probably right, and this is, as I have 
tried to show, an entirely different 
statement [italics in original]. 


Ill. A Treatise on Probability and 
Rejecting Rules 


Kevnes’s conception of probability in 
“Ethics in Relation to Conduct” is, of course, 
a nascent version of the theory that he pro- 
pounded in ‘A Treatise on Probability.’ In his 
book, he denies at much greater length that 
probabilities are relative frequencies refer- 
ring not only to Pearson’s work but also: to 
that of Ellis and Venn. In the place of the 
frequency theory he offers his theory that 
probabilities are “degrees of rational belief.” 

In his paper, Keynes had suggested that 
anyone would be capable of knowing the 
“correct” degree of belief in a proposition, 
but he had not really explored the idea at 
length. This “correct” knowledge is of much 
importance in Probability, however. Keynes 
proposes that the “correct” or “rational” 
degree of belief refers to a logical relation 
that exists between a proposition and the 
evidence supporting the proposition. This 
logical relationship would have a value of 1 
if the proposition’s truth were certain on the 
evidence and a value of 0 if the proposition 
were false on the evidence. If the evidence 
did not guarantee the truth or falsehood of 
the proposition, then there existed a degree 
of belief between 0 and 1 in the proposition’s 
truth. | 


Let our premises consist of any set of 
propositions h, and our conclusion 


"For an explanation of the theory of probability 
which Keynes conceived in Probability, see Tony Law- 
son (1985) and Bradley Bateman (1987). 
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consist of any set of propositions a, 
then if a knowledge of A justifies a 
rational belief in a of degree a, we say 
that there is a probability-relation of 

’ degree a between a and h. 
[Keynes, VIII, pp. 4] 


In identifying the existence of a logical 
relationship as the basis for one’s degree of 
belief in the proposition, Keynes very much 
followed Moore’s method of describing the 
good. Whereas Moore had identified good as 
an objective concept indefinable in terms of 
anything else, Keynes also identified prob- 
ability as an objective concept indefinable in 
terms of anything else. 


...tn the sense important to logic, 
probability is not subjective. It is not, 
that is to say, subject to human caprice. 
‘A proposition is not probable because 
~ we think it so. When once the facts are 
given which determine our knowledge, © 
what is probable or improbable in these 
. circumstances has been fixed objec- 
tively, and is independent of our opin- 
ion. {Keynes, VIII, p. 4] 


A definition of probability is not posst- 
ble, unless it contents us to define de- 
grees of the probability-relation by ref- 
erence to degrees of rational belief. We 
cannot analyse the probability-relation 
in terms of simpler ideas. . 

[Keynes, VIII, p. 8] 


Employing these two similar conceptions 
it would then be possible for anyone to make 
EU calculations solely on the basis of their 
knowledge of good and probability, without 
any reference to long-run frequencies of out- 
comes or “the rules of Common Sense.” 
Keynes devoted Chapter 26 of Probability 
(The Application of Probability to Conduct) 
to exploring the implications of his fully 
worked out theory of probability for ethics. 
He begins by quoting from Moore’s argu- 
ment for rules in Principia Ethica and then 
points out its fallacy. 


This argument seems to be invalid and 
to depend on a wrong philosophical 
interpretation of probability.... Mr. 
Moore’s argument must be derived 
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from the empirical or frequency theory 
of probability, according to which 
we must know for certain what will 
happen generally (whatever that may 
mean) before we can assert a probabil- 
ity. [Keynes, VIII, pp. 341-42] 


IV. Ethics and Moore’s Rejection of Rules 


Although Probability was published in 
1921, it was virtually completed by 1914 
when Keynes set it aside to begin work for 
the Treasury. Not until after the war, and 
the publication of The Economic Conse- 
quences of the Peace did Keynes return to 
preparing Probability for publication. Even 
the 1914 date is somewhat misleading, how- 
ever, for the book is.an extension of Keynes’s 
1908 Fellowship thesis. By then, the con- 
ception of probability in Keynes’s book 
was established atid his subsequent years of 
work were devoted largely to clarifying and 
elaborating his new theory (1908-10) and in 
developing his theory of induction and the 
philosophical implications of his theory.® 

The exact role of G. E. Moore in these 
clarifications and elaborations is unknown. 
We know that they consulted about Keynes’s 
work, but the existing correspondence only 
records their arranging meetings for their 
discussions on the topic. The impact of 
Keynes’s work on Moore is quite clear, how- 
ever, in Moore’s Ethics (1912). Overturning 
his earlier conclusion that there 1s a positive 
role for rules in determining correct behav- 
ior, Moore argues in Ethics against the idea 
that rules should always be followed. 

Keynes’s influence is evident not just in 
Moore’s conclusion, but in the nature of his 
argument. In both of his statements of the 
argument against the need to always follow 
rules (pp. 81-82, and 178-181) Moore 
acknowledges that there are times when fol- 
lowing the rule will yield bad results and, 
thus, that it would be correct not to obey the 
rule. In examining the ex ante grounds for 
choosing between different courses of action, 
Moore states the case in the new Keynesian 
EU terminology. 


®See Skidelsky (1983, pp. 233, 238, 254-56). 
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It is admitted that: he cannot know for 
certain beforehand which of them will 
actually have the best results; but det 
us suppose that he has every reason to 
think that one of them will produce 
decidedly better results than any of the 
others—that all probability is in favour 
of this view. Can we not say, in such a 
case, that he absolutely ought to choose 
that one? that he will be acting very 
wrongly if he chooses any other? We 
certainly should actually say so; and 
many people may be inclined to ‘think 
that we should be right in saying so, no 
matter what the results may subse- 
aus prove to be. 

- D, pp. 193-94, italics in original] 


Moore never explicitly defines probability 
in his second book, but in his numerous uses 
of the word he is very careful not to use it in 
the sense criticized by Keynes, that is, to 
stand for relative frequency. In fact, his first 
discussion involving probability quite overtly 
alludes to the conception of probability 
which Keynes had developed in his Fellow- 
ship thesis. © * 


But even if we cannot be justified either 
in accepting or rejecting, with absolute 
certainty, any of the alternative hy- 
potheses which can be suggested, it 1s, 
I think, well worthwhile to consider 
carefully the most important among 
these rival hypotheses. To realise and 
. distinguish clearly from one another 
the most important of the different 
views which may be held about these 
matters is well worth doing, even if we 
ought to admit that the best of them 
has no more than a certain amount of 
probability in its favour, and that the 
worst have just a possibility of being 
true. (1912; pp. 10-11] . 


Probability very clearly refers in this passage 
to the degree of belief which one holds in. a 
proposition when one is unsure that the 
proposition is either true or false. Each of 
the ensuing references to probability in 


"See, for example, Moore [1912, pp. 10, 11, 115, 151, 
192, 194, 195, 236]. 
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Ethics could only be taken to have this 
meaning. 

The other seal arguments of Principia 
Ethica remained unchanged between 1903 
and 1912. He repeats his arguments that 
there is an indefinable, objective measure of 
good (which he refers to as intrinsic value) 
and that actions should be judged i in terms 
of their consequences. His only changes seem 

to be in the way he uses the word probability 

and in his rejection of rule utilitarianism for 
act utilitarianism. As Keynes had hoped, the 
first change had led to the second. 


V. Conclusion 


There are two types of interpretations of 
Keynes’s work on which this episode bears. 
One is the recent phenomenon of trying to 
interpret Keynes’s work in economics in light 
of his earlier work in probability. The other 
type of interpretation on which the episode 
bears is a much older one—the idea that The 
General Theory is a form of Walrasian gen- 
eral equilibrium model. 

Several commentators have suggested that 
Keynes’s early work in probability was an 
exercise in developing a subjective theory of 
probability. Lawrence Boland (1982), for in- 
stance, has said “Keynes was famous for his 
theories of subjective probability” (p. 93) 
and G. L. S. Shackle (1974), after arguing 
that Keynes uses-a subjective theory of prob- 
ability in The General Theory says that “the 
pure theory of the matter is from Probabil- 
ity.” (1974, p. 43) An orthogonal misinter- 
pretation is Allan Meltzer’s (1981) argument 
that Keynes’s early work in probability can 
be characterized as a frequency or stochastic 
conception of peor 


Keynes’s views on expectations reflect 
_ his early writing on probability theory. 
In this Treatise on Probability, and in 
the. General Theory, Keynes expresses 
the view that the best one can do, in an 
uncertain world, is to act as if the 
future can be known while recognizing 
that the important future events are 
unknown and cannot be foreseen. 
There is neither conflict nor contradic- 
tion when he writes that the long-term 
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interest rate and the level of output 
around which the economy fluctuates 
are constant, but the future is uncer- 

` tain and the levels of output and inter- 
est rates are subject to violent change. 
(1981, p. 62) | 


With a fuller understanding of Keynes’s 
work in probability neither of these types of 
misinterpretations would be possible. Un- 
derstanding the symmetry between Moore’s 
conception of good and Keynes’s conception 
of probability should help to reinforce the 
fact that Keynes’s early theory of probability 
was an objective theory. Similarly, an under- 
standing of Keynes’s efforts to debunk 
Moore’s argument for following rules should 
help to clarify that Keynes’s early theory was 
not a frequency theory of probability. 

Another area: of misunderstanding of 
Keynes’s ideas that might be clarified by this 
essay involves looking at utility. One of the 
things which an understanding of Moore’s 
influence on Keynes should make clear is 
that Keynes was not a utilitarian in the same 
sense aS a modern neoclassical economist. 
One might, of course, argue that this was 
only true in his early life and that he “came 
around” later when he took up economics; 
but it is exactly Keynes’s point in his 1938 
essay “My Early Beliefs” that no such change 
had taken place. In his essay, he still credits 
Moore’s greatest influence as his emancipa- 
tion from Benthamite utilitarianism. 

Realizing Keynes’s nonutilitarian back- 
ground helps in understanding his eco- 
nomics in two ways. One way is that it helps 
to understand that Keynes would not neces- 
sarily have been looking for “pareto-opti- 
mum” policy results or results that maxi- 
mized aggregate utility. Since his normative 
criterion for what constituted “the good” 
was nonutilitarian there was no reason for 
him to look for the same desideratum as 
most modern economists. An example might 
be his proposals for national self-sufficiency; 
this policy might give an outcome which 
could be demonstrated to be “inferior” in a 
general equilibrium model, but if there is a 
higher criterion for desirability this result 
would be inconsequential and immaterial. 

The other way that Keynes’s nonutil- 
itarian background helps in understanding 
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his economics is in his modeling. If one does 
not see utility maximizing as the highest goal 
in life and particularly if one sees oneself as 
pursuing a higher, objective standard of 
good, there would be no reason to attribute 
utility-maximizing behavior to everyone else 
or to make it the basis for modeling their 
behavior. Evidence of Keynes’s broader 
horizon in his modeling is found, for in- 


-Stance, in his explanations of saving and 


consumption behavior in The General The- 
ory. After explaining eight reasons why 
people save money he says, “These eight 
motives might be called the motives of Pre- 
caution, Foresight, Calculation, Improve- 
ment, Independence, Enterprise, Pride, and 
Avarice; and we could also draw up a corre- 
sponding list of motives to consumption such 
as Enjoyment, Shortsightedness, Generosity, 
Miscalculation, Ostentation, and Extrava- 
gance.” (Keynes, VII, p. 108) In giving these 
various motives equal weight in explaining 
economic behavior, Keynes clearly demon- 
strates that his modeling is not based exclu- 
sively in utility maximizing. 

It is perfectly legitimate, of course, to re- 
cast Keynes’s model in a general equi- 
librium, utility-maximizing form; but it is an 
entirely different endeavor to cast Keynes’s 
own thought in this framework. Both Don 
Patinkin (1976) and Meltzer (1981), for in- 
stance, clearly suggest that Kevnes’s in- 
tention was to create a Walrasian general 
equilibrium model. Patinkin says that, “The 
General Theory can be regarded as the first 
practical application of the Walrasian theory 
of general equilibrium,” (p. 98) and this idea 
is implicit throughout Meltzer’s paper. On a 
full understanding of the influence of G. E. . 
Moore on Keynes’s early work in probabil- 
ity, however, such interpretations are not 
tenable. Although Keynes was constructing 
a model of “general” equilibrium in The 
General Theory, it was not a utilitarian, 
Walrasian equilibrium. 
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Tax Reform and the Stock Market: 
An.Asset Price Approach 


By Davip M. CUTLER* 


The incidence of the corporate income tax 
has been a subject of much dispute. Tradi- 
tionally, the debate has focused on-the im- 
portance of general equilibrium effects in 
evaluating tax burdens. In applied work, in- 
cidence analysis has often consisted of esti- 
mating the changes in future tax payments 


from tax reforms. These “cash flow” models . 


of incidence implicitly assume that the rela- 
tive price effects of tax reforms are unimpor- 
tant. In general equilibrium analyses, how- 
ever, these relative price effects, particularly 
changes in the price of existing capital, are 
important determinants of the tax burden. 
“Asset price” models of incidence can conse- 
quently yield predictions quite different from 
those of cash flow models. In theory, the 
general equilibrium effects associated with 
the asset price approach are well understood, 
but little is known about their empirical 
magnitude. 
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‘Formal discussions of the asset price model and its 
relation to other incidence methods are in Andrew 
Abel, 1982; Alan Auerbach, 1986; and Lawrence Sum- 
mers, 1981, 1985; though the distinction between taxes 
on new and old assets was noted at least by Richard 
Musgrave: “In the long run, this {tax on new invest- 
ment] may lead to a decline or increase in the supply of 
capital, with resulting changes in yield of new assets. 
These, in turn, give rise to a revaluation of existing 
assets, and may involve changes in the relative yields 
and capital values of various assets.” [1959, p. 384]. One 
cash flow model which does allow for many of the 
general equilibrium effects is Thomas Downs and Patric 
Hendershott, 1987. Empirical studies of the asset price 
approach include Andrew Lyons, 1986; and Downs and 
Hassan Tehranian, 1988. 
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This paper assesses these asset price ef- 
fects by examining the stock market’s reac- 
tion to the Tax Reform Act of 1986. The 
1986 Tax Act presents a unique natural ex- 
periment for studying asset pricing theories. 
The Act changed the overall corporate tax 
burden (a $120 billion increase over five 
years), the tax rate on corporate income (a 
decrease from 46 percent to 34 percent), and 
the relative treatment of old and new capital 
(the repeal of the investment tax credit and 
lengthening of depreciation lifetimes). These 
changes could produce substantial cross-firm 
heterogeneity in the reaction to tax news. 

The paper uses a “differential effects” 
event study to evaluate the market response.” 
The analysis focuses on two key events in 
the tax bill’s progress: the vote by the House 
of Representatives for the bill in December 
1985, and the vote for a similar bill by the 
Senate Finance Committee in May 1986. 


Both events came as surprises to the finan- . 


cial community and are therefore well suited 
to an event study. 

The analysis leads to two conclusions. 
First, there is some evidence confirming the 
predictions of the asset price model. After 
accounting for changes in future cash flows, 
firms with greater shares of equipment in 
their capital stocks benefit from the tax 
change, while firms with greater pre-reform 
investment rates suffer share.declines. These 
results suggest that the differential taxation 
of new and old capital could have substan- 
tial effects on market values. Second, how- 
ever, the paper finds little evidence of a large 
market response to tax news. Excess returns 
on days containing similar tax news are es- 
sentially uncorrelated, and overall market 


*See Nancy Rose, 1985, for a comparison of this 
approach with alternative methods of estimating the 
effects of changes in policy on corporate returns. 
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reactions to the tax news are small. These 
results leave unanswered questions about 
what the tax news meant to the market, and 
whether the news was efficiently incorpo- 
rated in stock prices. 

The structure of the paper is as follows. 
Section I discusses the asset price approach 
to incidence, as well as a competing cash 
flow approach. Sections II and II detail the 
methodology employed and identify dates of 
changing tax expectations. Section IV exam- 
ines cross-sectional incidence tests. Section 
V considers more general tests of market 
movements. Section VI concludes. 


I. Tax Reform and Market Value 


Two approaches have traditionally been 
advanced for studying the effects of tax re- 
form on market value. The first is a cash 
flow approach. Cash flow analyses evaluate 
tax incidence by estimating changes in after- 
tax income. While reform-induced demand 
shifts are sometimes incorporated in these 
analyses, other general equilibrium effects 
typically are not. More commonly, the focus 
is on computing changes in corporate tax 
payments. _ 

_ The cash flow approach predicts a sub- 
stantial market fall in, response to the 1986 
Act. The House of Representatives’ (1986) 
forecast of corporate tax payments indicates 
that the Act should raise $84 billion in real 
terms over its first five years.? The effect of 
this increase on share values should be 
tempered by the reduced taxation of corpo- 
rate dividend payments. Estimates by Jerry 
Hausman and James Poterba (1987) suggest 
that the marginal tax rate on dividends will 
fall by 8.1 percent under the new law, which, 
assuming historical average real dividend 
growth of 3.4 percent per year, yields a 
five-year tax savings of $35 billion. The net 
effect of the reform is thus an increase of $49 
billion in the shareholder tax burden, or 
about 2.5 percent of the end of 1985 value of 

the stock market. 


3See Alan Auerbach and James Poterba, 1987, for 
details of the calculation. 
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While the cash flow approach correctly 
focuses on after-tax returns, it ignores many 
general equilibrium effects. These are high- 
lighted in the asset price model of incidence. 
The asset price approach stresses changes in 
the value of existing assets from tax reform, 
in addition to the change in future tax. pay- 
ments. Policies that alter future marginal 
products also affect the value of existing 
assets through their impact on the supply of 
capital-intensive goods and thus on product 
market prices. If these general equilibrium 
effects are large, they can reverse the partial 
equilibrium analysis. Consider, for example, 
the repeal of the investment tax credit. This 
change reduces the after-tax return to new 
equipment,* but increases the value of exist- 
ing equipment, which now competes with 
more expensive (after-tax) new equipment. 
Higher returns on old capital therefore partly 
offset the higher taxes that firms must pay 
on new capital. The net effect on share val- 
ues is ambiguous, depending on specific 
technological and adjustment cost assump- 
tions. The asset price approach does, how- 
ever, Offer cross-sectional predictions about 
the response to tax news. These are detailed 
in the next section.” | 


II. Methodology and Data 


To measure the impact of tax reform on 
market value, I examine the excess returns 
caused by tax news. I use the market model 


“Since the investment tax credit applied only to 
equipment, the tax change hurt equipment investment 
more than structures investment. Auerbach, 1987, 
estimates that the tax reform increased the effective tax 
rate on equipment from —3.3 percent to 38.0 percent, 
and lowered the rate on structures from 45.6 percent to 
37.0 percent. 

`The 1986 Act also changed the taxation of personal 
income, which could affect the value of corporate distri- 
butions. I consider some of these changes in the empiri- 
cal work, but concentrate on the corporate tax changes. 
I also ignore the implications of the asset price model 
for the transition after the tax news. Since the two 
events I consider contained similar news, the change in 
prices after each should be similar; the transitions after 
the votes, in contrast, need not be. Further, the phasing 
in of many of the tax changes and the retroactive repeal 
of the investment tax credit make the determination of 


~ the transition path difficult. 
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to measure these returns: 
(1) Ri, SATF B:R mi +e 


where R, and R, are the return to stock i 
and the market.(m) at time t. The coefficient 
B; = cov(R,, R,,)/var(R,,) is the share of the 
return that cannot be fully diversified. The 
excess return is then the residual, ¢,,.° The 
firm sample is the 1985 Fortune 500 largest 
industrial corporations.’ 

To examine the incidence hypotheses, I 
model the excess returns as a function of 
firm asset and financial characteristics: 


(2) ERET, = 1) + 7, M&ESHARE, 
+ 1, INV, + %NETK,+1,ATR, 
+ 7, ACASHFLOW, + &,, - 


where ERET, = €;;,+ €;5, the combined ex- 
cess return from the days or weeks around 
the House and Senate Finarice Committee 
votes.® The first three variables are measures 
of the firm’s assets. M&ESHARE is the 
percentage of the 1985 gross book value of 
the capital stock accounted for by machinery 
and equipment (found in the annual report 
of each company).? INV and NETK are 
the average growth rate of the net capital 


ST use daily return data from January 1985 to 
November 1986. The data were adjusted for dividend 
payments and stock splits. The return on the Standard 
& Poor's Composite Stock Index was employed as a 
proxy for the market return. 

An industrial corporation is one in which over 50 
percent of the sales are from mining or manufacturing. 
The Fortune list was selected because annual reports are 
more readily available for these firms, and because the 
companies in the Fortune survey are ranked on sales, 
not profits. The sample thus should not be self-selected 
for profitability. In fact, a record number of firms (70) 
lost money in 1985. Due to missing data, the sample 
was reduced to 336 of the 500 firms. 

I report OLS estimates of equation (2), though 
differential variances of the error terms in equation (1) 
would result in heteroskedastic errors in equation (2). 
Using weighted least squares has no significant effects 
on the estimates. 

A more appropriate specification would use the per- 
centage of equipment in the net capital stock. Firms 
only report asset types by gross value, however. 
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stock from 1982 to 1985 and the net book 
value (in millions of dollars) of the capital 
stock in 1985. Both variables are from 
COMPUSTAT. : 

The last two variables highlight the tax 
payments of the firm. ATR is the firm’s 1985 
average tax rate, while ACASHFLOW is the 
projected change in annual tax payments 
from the tax reform. ACASHFLOW is found 
by recomputing the corporation’s 1985 aver- 
age tax rate under 1988 tax rules and multi- 
plying this change by the ratio of the tax 
base of the firm to the value of equity.’° The 
data on average tax rates and changes in 
average tax rates are from Tax -Analysts 
(1985, 1986).!! The other variables are from 
COMPUSTAT. 

The two incidence hypotheses offer dif- 
ferent predictions about the importance of 
these explanatory variables. The cash flow 
approach predicts that the projected change 


in tax payments should be positively related 


to the firm’s excess stock return, but that the 
other variables should not. After controlling 
for future taxes, no pre-reform aspects of the 
corporation should influence share prices.!” 
The asset price approach similarly sug- 
gests that the change in cash flow should be 
positively related to excess returns, since this 
measures the direct effects of the reform on 
tax liabilities. The other variables capture 
the relative price effects. Holding constant 
future taxes and the stock of existing capital, 
an increase in the equipment share of the 
capital stock increases the amount of the 


10The tax base is imputed as the sum of federal and 
foreign tax payments and investment tax credits uti- 
lized, divided by the statutory tax rate in 1985 (46 
percent). 

‘Tax Analysts did not compute the average tax rate 
or projected change in the average tax rate for a small 
number of firms. For these firms, the variables utilized 
were the weighted average estimates for the relevant 
industry. The results do not change across samples. 

TE the tax bases of firms grow at different rates, or 
if the 1986 and 1987 transition rules differ greatly from 
the fully implemented provisions, the recalculations of 
the average tax rates may not be a complete estimate of 
the total changes in cash flow. While part of these 
differences may be captured by the industry dummies, 
the noise in the estimates suggests -that the coefficients 
on the change in cash fiow could be downward biased. 
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firm’s existing capital that is in competition 
with the less subsidized new equipment, and 
thus should positively affect excess returns. 
Similarly, the investment rate should be 
negatively related to excess returns, because 
faster-growing firms have younger capital 
stocks and thus generate larger depreciation 
deductions. The reduced corporate rate de- 
creases the value of these deductions, so 
that, for equal final capital stocks, higher 
growth firms should experience larger wind- 
fall losses. Finally, the pre-reform average 
tax rate should have a negative effect on 
excess returns. Low average tax rates are 
. associated with tax loss firms, or firms near- 
ing- tax losses. Since the tax act increases 
_overall corporate tax payments, the value of 
existing tax: losses should rise.’? 


Il. Expectations of Tax Changes 


Two events dominated the history of the 
1986 Tax Act. In December 1985, the House 
of Representatives voted for major tax re- 
form, and in May 1986, the Senate Finance 
Committee voted for a substantially similar 
bill. Both of these votes came as surprises to 
the financial community.“ 

For most of 1985, the tax reform bill was 
stuck in the House of Representatives. As 
late as mid-December, the full House had 
not yet received the bill for consideration. 
On December 11, two tax bills were intro- 
duced on the House floor. The first (Repub- 
lican) bill was defeated as projected, but in a 
surprise move, the second (Democratic) bill 
failed to pass. The headlines on December 
12 proclaimed “Reagan Loses Key Tax 
Vote,” and the House adjourned for the 
weekend “with the prospects growing dim- 
mer that a tax bill can clear the House this 
year.” [New York Times, December 13, 1985, 
IV, 1:3] 


‘This effect is partly mitigated by the repeal of the 
General Utilities doctrine and the strengthening of 
ownership requirements to utilize acquired operating 
losses, both of which make the transfer of tax losses 
more difficult. It is difficult to find proxies to contro! for 
these effects, however. 

“The discussion of the tax bill here is necessarily 
brief. For a narrative of the bill’s history, see Jeffrey 
Birnbaum and Alan Murray, 1987. 
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Lobbying over tax reform continued that 
weekend and early. the next week. On De- 
cember 17 (Tuesday), the bill was reintro- 
duced in the House. It was passed later that 


day, although the vote was not held until 


11:00 p.m. The timing of the change in ex- 
pectations is unclear. It is conceivable that 
investors anticipated the outcome on Tues- 
day, though it was not until the discussion of 
Wednesday’s market movement (on Thurs- 
day) that the New York Times mentioned 
the bill influencing traders. “Another nega- 
tive for the stock market was the House 
passage Tuesday night of its version of the 
tax-revision bill,” it reported. [December 19, 
1985, IV, 14:4] Accordingly, I use the return 
on December 18 (Wednesday) as the imme- 
diate response to tax news. 

After passing the House, the tax bill was 
sent to the Senate Finance Committee, where 
it remained for almost half a year. For most 
of this period, little progress was made.to- 
ward approval. As late as May 4, 1986, the 
New York Times noted that the prospects 
for passage looked dim. Powerful lobbyists 
were strongly against the bill. After working 
all day on May 6 (Tuesday), however, the 
Senate Finance Committee voted on and 
passed a tax bill. As with the House passage, 
the vote was not taken until late at night, 
this time at 12:30 A.M. on May 7. The New 
York Times noted that the outcome was 
uncertain until a late-night agreement was 
reached leaving in oil and gas tax shel- 
ters. Thursday’s paper carried the head- 
line “Tax Revision in 1986 is Almost As- 
sured, Lawmakers Insist,” and reported that, 
“Leading Senators and Representatives from 
both parties said today (May 7) that the 
Senate Finance Committee’s unanimous ap- 
proval of a tax bill meant that comprehen- 
sive tax revision legislation would almost 
certainly be enacted by the end of this year.” 
[May 8, 1986, I, 1:6] As with the House vote, 
I use the day after the vote (May 7) as the 
immediate response to tax news. l 


IV. The Effect on Market Values 
The most natural test of the reaction to 


tax news is the change in aggregate share 
values. The cash flow hypothesis predicts a 
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large decline from the capitalization of the 
increased taxes, while the predictions of the 
asset price model are ambiguous. The actual 
response to the votes was negative but small 
in magnitude. On the day after the House 
vote, the S&P 500 fell by 0.40 percent; after 
the Senate Finance Committee vote, the in- 
dex fell by 0.49 percent. These responses do 
not appear to stem from mis-specified dates 
of expectations changes. On the previous 
days, the index fell by 0.65 and 0.21 percent. 
In fact, for the 10-day period spanning the 
two votes, the index fell by 0.65 percent for 
the House vote, but actually rose by 1.19 
percent for the Senate Finance Committee 
vote.” The aggregate market statistics thus 
seem inconsistent with large share declines, 
though the overall movements do little to 
estimate the relative price effects. The re- 
mainder of this section examines excess 
returns using industry- and firm-specific 
returns. 


A. Industry-Based Tests 


Most incidence analyses are conducted on 
industry aggregates. This is both because 
demand shifts from the tax reform would 
plausibly be concentrated along industry 
lines,!® and because firms in an industry may 
be similar enough to merit common treat- 
ment. To test these hypotheses, Table 1 pre- 
sents the average excess returns for the firms 
in each industry. The industries are grouped 
into “winners” and “losers” based on news- 
paper and magazine discussions of the bill’s 
likely effects. The first column reports the 
predicted changes in one year’s net income 


from one of the quantitative assessments of - 


SOther measures of market activity also show little. 


movement. Market volume on the day after both votes 
(138 million and 130 million shares for the House and 
Senate Finance Committee votes) was near average for 
that week (154 and 125 million shares) and only average 
for that month (137 and 127 million shares). The same 
is true of the 10-day volume moving average, the num- 
ber of new highs and lows, and the number of advances 
and declines. 

16A common prediction was that the shift in the tax 
burden from households to corporations would increase 
demand for consumer goods and decrease demand for 
corporate equipment. 
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the tax bill, the Shearson-Lehman Brothers 
projections (Walter Dolde, 1986, and Allen 
Sinai, 1986). The Shearson projections are 
similar to other discussions in the financial 
press. 

The remaining three columns present the 
industry average return for different time 
periods: the day after both votes, the 10-day 
(6-market day) period encompassing the 
weekend before and after each vote, and the 
one-month period beginning the Friday be- 
fore the vote and extending after the vote. 
The industry returns provide little evidence 
that reactions to tax reform fell along indus- 
try lines. For most industries, one cannot 
reject the hypothesis of zero excess return. 
Further, the predicted and actual effects seem 
only weakly correlated. The industries with 
above-average predicted changes in income 
do not appear to have above-average excess 
returns. In fact, most of the industries in the 
“losers” category were consistent winners 
in the stock market,!’ although the predicted 
winners fared well on average. The results 
are generally unsupportive of industry-based 
measures of tax incidence. 


B. Firm-Specific Tests 


Since industry-level predictions are only 
partly consistent with the observed reaction, 
I examine returns on a firm-specific basis. 
Table 2 presents the results for estimating 
equation (2). I include industry dummies to 
control for industry effects and estimate the 
equations over different time periods to ex- 
amine the timing of the market reaction. 

The estimates in Table 2 lead to three 
conclusions. The most significant result is 
the distinction between high growth firms 
and firms with large existing equipment 
shares. Exclusive of the one-day return, firms 
with high investment rates suffer from the 
tax reform; the effects are significant and 
increase in magnitude with longer time peri- 
ods. In contrast, firms with large shares of 


17The oil and gas industry did well after the Senate 
Finance Committee vote because of the already noted 
depletion provisions included in the bill. For the other 
industries, however, special provisions do not appear to 
be important. 
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TABLE 1— ESTIMATED AND ACTUAL TAX REFORM WINNERS AND LOSERS? 
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Predicted 


Change in 
Net Income 
Industry (percent) 
Predicted Winners 
` Appliances 8.40 
Apparel 5.10 
Wholesale and 4.50 
Retail Trade 
Service 1.80 
Media 1.10 
Predicted Losers 
Electrical Machinery — 5.65 
„Aerospace S2 
Machinery and — 6.39 
Equipment 
Communication — 15.00 
Metals and — 18.50 
Mining 
Oil and Gas — 20.30 
Heavy Industry — 76.43 
Indeterminate 
Dairy Products 14.78 
Stone, Clay, and 13.12 
Plastics 
Drugs _ 9,60 
Furniture 8.40 
Measuring 7.83 
Instruments ` 
Food and Tobacco 6.00 
Textiles 5.10 
Beverages 3.40 
Engines and 1.10 
Turbines 
Office Machinery — 0.02 
Automobiles — 13.30 
Miscellaneous — 15.60 
Manufacturing 
Chemicals — 23.20 
Paper and Lumber — 25.80 


One 
Day 


1.35 
(1.45) 
0.36 


(1.02) 


0.37 


© 19) 


1.76 
(1.77) 
0.76 
(0.72) 


—0.03 
(0.54) 
0.30 
(0.65) 
1.46 
(0.50) 
— 0.38 
(0.95) 
0.24 
(0.58) 
1.33 
(0.46) 
~0.53 
(0.76) 


—0.08 
(1.45) 
—0.32 
(0.67) 
— 0.86 
(0.70) 
—0.49 


Excess Returns Over 
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Ten ~ One 
Days Month 
2.55 6.02 
(3.02) (5.00) 
2.54 7.13 
(2.14) (3.54) 
0.98 —0.27 
(2.34) (3.87) 
1.27 — 3.20 
(3.70) ` (6.12) 
1.00 1.70 
(1.51) (2.50) 
— 2,20 — 2.03 
(1.12) (1.85) 
— 0.30 —2.65 
(1.35) (2.24) 
3.48 4.29 
(1.05) (1.77) 
— 0.08 —4.11 
(1.98) (3.27) 
— 0.96 0.36 
(1.23) (2.04) 
3.97 2.98 
(0.26) (1.61) 
0.09 1.09 
(1.58) (2.61) 
~ 5.60 — 6.06 
(3.02) (5.00) 
— 0,34 — 2.38 
(1.40) (2.31) 
— 1.99 — 2,30 
(1.45) (2.40) 
— 0,23 0.03 
(5.23) (8.66) 
— 3,76 2.59 
(1.65) (2.74) 
— 0.48 — 2.79 
(1.07) (1.77) 
0.74 7.55 
(1.85) (3.06) 
— 3,54 —1.37 
(1.98) (3.54) 
2.70 8.89 
(2.34) (3.87) 
0.27 `. — 0.31 
(1.40) (2.31) 
— 4.39 —3.14 
(1.35) (2.16) 
— 0.97 6.16 
(2.34) (3.87) 
0.10 0.10 
(0.94) (1.56) 
— 0.09 1.48 
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TABLE 1—CONTINUED 





esis Excess Returns Over 
Net Income One Ten One 
Industry (percent) Day Days Month 
Rubber —- 34.20 —0.16 +313 — 2.03 
(0.89) (1.85) (3.06) 
R? 0.09 0.17 0.12 
N 336 333 330 


Sources: Stock return data are from Data Resources, Inc. Changes in net income are 
from Dolde (1986) and Sinai (1986). Periodicals used in grouping industries were the 
New York Times, Wall Street Journal, Fortune, and Business Week. 

“This table shows predicted change in net income and mean excess return for each 
industry. Excess returns are the sum of the returns for the House and Senate Finance 
Committee votes. Industries were grouped by newspaper and magazine discussions of 
tax reform. Industries in the “Indeterminate” category either had no predictions made 
about them, or were predicted as a winner by some analysts and a loser by others. 
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Standard errors are in parentheses. 


formerly ITC-qualifying equipment increase 
in value in response to tax news, though the 
estimates are less significant when industry 
effects are included. Both of these results 
support the predictions of the asset price 
model of incidence. 

The equipment share and investment rate 
coefficients are broadly consistent with the 
predictions of the asset price theory.!® The 
coefficient on the investment rate measures 
the difference in the losses on existing depre- 
ciation allowances for firms with different 
rates of investment. Using aggregate data, it 
is possible to provide an estimate of these 
effects. For a given nominal discount rate 
(8 percent), it is possible to calculate the 
present value of depreciation allowances 
(under the 1985 tax law) for a unit of equip- 
ment and structures of every vintage. Given 
constant depreciation rates, the stock of de- 
preciation deductions on existing assets can 
then be computed for different rates of in- 
vestment. Evaluated at the 1982-85 average 


8Tt is possible that firms with large amounts of net 
investment suffer because their returns to shareholders 
are conveyed in the form of capital gains, which are 
taxed more heavily under the new law. Including the 
dividend-earnings ratio to measure these payout effects, 
however, does not change the estimated coefficients. 
Further, the coefficient on the dividend-earnings ratio is 
small in magnitude and insignificant statistically. 


net investment rates, a 1 percent increase in | 
investment, split between equipment and 
structures in the ratio of the outstanding 
stocks (70 percent equipment in the sample) 
results in a 3.1 percent increase in the stock 


-of depreciation allowances. The rate cut, 


then, reduces the value of these allowances 
by 0.37 percent. Empirically, the largest esti- 
mate of this effect is about one-third this 
magnitude. The predicted changes are larger 
than the observed changes, though allowing 
for the less favorable tax law before 1981, 
slower growth in the 1970s, and an effective 
tax rate change of less than 12 percent would 
reduce the differences in the stocks of al- 
lowances. l 

The coefficient on the equipment share is 
more difficult to evaluate because it depends 
on how quickly the capital stock adjusts to 
the tax change. A quick adjustment would 
imply large windfalls from the repeal of the 
investment tax credit but smaller windfalls 
from the rate cut. It is possible to provide 
some estimates of these magnitudes. Aùer- 
bach (1986) solves the asset price model 
analyticallv and simulates the impact of the 
1986 tax reform. He finds that the tax change 
should result in equal revaluations of equip- 
ment and structures when adjustment costs 
are large, but that each dollar of equipment 
should increase in value by 0.07 percent more 
than a dollar of structures when adjustment 
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TABLE 2— TAX CHANGES AND MARKET VALUE* 
Machinery 
and Net Predicted 
Equipment Rate of Capital Average Change In Industry 
Period Share Investment Stock Tax Rate CashFlow Dummies R? N 
One Day .018 — .004 .037 — 002 — .045 No 022 336 
(.012) (.006) (.033) (.004) (.064) 
One Day .600 — 003 032 — .003 — .044 Yes 097 336 
(.015) (.006) (.036) (.005) (.066) 
Ten Days 083 — 029 .068 — 009 — 126 No 061 333 
(.025) (.013) (.070) (.010) (.141) 
Ten Days .035 — 028 044 ~ O11 — .166 Yes 205 333 
(.031) (.013) (.075) (.010) (.139) 
One Month - 064 — 131 — 025 — 028 — 173 No 052 330 
(.043) (.042) (117 (.016) (.318) 
One Month 024 —.158 — 027 — 028 .115 Yes .174 330 
(.051) (.044) (.124) (.016) (.323) 


Sources: See Table 1 for source of stock returns. Machinery and equipment share is from the footnote of the 
annual report for each company. Rate of investment and net capital stock are from COMPUSTAT. Average tax rates 
and predicted changes in cash flow are from Tax Analysts (1985, 1986) and COMPUSTAT. 

“This table shows results of OLS estimation of equation (2) in the text. The dependent variable is the sum of the 
excess returns from the House of Representatives and Senate Finance Committee votes. The independent variables 
are the share of machinery and equipment in the gross capital stock, the average rate of investment, the net capital 
stock (in millions of dollars), the pre-reform average tax rate, and the predicted change in cash flow as a percent of 
total value of equity. The industry dummy variables are the same as in Table 1. Industry estimates are not reported. 


The final column reports the sample size for the estimate. Firms were omitted from longer period regressions when’ 


newspapers reported significant nontax news (generally merger activity) in the period: Standard errors are in 


parentheses. 


costs are small. The estimates of this differ- 
ential using 10-day and one-month returns 
(0.03 to 0.08 percent) are thus in line with 
the Auerbach results.!? 

In contrast to the equipment share and 
investment rate effects, however, there is no 
evidence that either average tax rates or pre- 


*? These estimates suggest two additional points about 
the asset price model. First the size of the equipment 
share coefficient implies a much shorter adjustment 
period than previous studies have found. In the invest- 
. ment function associated with these adjustment costs, 
Auerbach’s 0.07 estimate suggests that the rate of in- 
vestment increases by 2 percent for a 1-point increase in 
Tobin’s q; the estimates of Summers, 1981, in contrast, 
are of an increase of 0.031 in the investment rate (see 
Huntley Schaller, 1987, for larger estimates of the’ re- 
sponsiveness to q). Second, the results imply that in- 


creases. in the value of old capital are consistent with _ 


relatively small changes in equilibrium product market 
prices. With Cobb-Douglas production functions and a 
capital share of 25 percent, the output of equipment-only 
firms would have to increase in price by just 1.5 percent 
more than the output of structures-only firms to pro- 
duce the 6 percent windfall. 


dicted changes in future tax payments affect 
excess returns. The latter result is particu- 
larly surprising. Under both approaches, 
measures of changes in cash flow should be 
positively related to excess returns; this co- 
efficient is generally negative and insignifi- 
cant, however. Similarly, the coefficient on 
the average tax rate provides little evidence 
for windfall gains from more effective shield- 
ing of future liabilities. 
These results are quite robust. Replacing 
the cash flow change with the change in the 
average tax rate, io eliminate potential tax 
base problems, does not affect the estimated 
coefficients. Further, the estimates change 
little when measures of explicit tax provi- 
sions such aS minimum tax payments are 
included in the regression separately or in 
tandem with the cash flow variable.”° 


An alternative hypothesis about the tax variables is 
that, due to incomplete foreign tax credit utilization, 
firms with large foreign tax payments (essentially min- 
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TABLE 3— THE CORRELATION OF EXCESS RETURNS* 
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Dec 16 Dec 17 

May 5 0.115 0.027 
(0.056) (0.057) 

May 6 —~ 0.045 0.002 
(0.057) (0.057) 

May 7* — 0.208 — 0.044 
(0.054) (0.057) 

May 8 — 0.005 — 0.022 
(0.057) (0.057) 

May 9 0.050 — 0.005 
(0.057) (0.057) 

May 12 — 0.076 0.057 
(0.057) (0.057) 


Source: See Table 1. 


Dec18* Decl?  Dec20 Dec23 
0.104 -0.071 -0.002 -0.014 
(0.056) (0.057) (0.057) (0.057 
0.036 0.176  —0.019 0.036 
(0.057) (0.055) (0.057 (0.057) 
0.036 0.124 0.055  —0.071 
(0.057) (0.056) (0.057 (0.056) 
0.168 — 0.003 0.022 0.026 
(0.055) (0.057) (005 (0.057 
0.097 0.087  —0.018 0.021 
(0.056) (0.056) (0057 (0057 
0.121 — 0.022 0.036 0.004 
(0.056) (0.057) (0.05 (0.057) 


“This table shows correlation of excess returns for the days around the two tax votes. 
Sample size is 310 firms for all correlations. The excluded firms had missing return data 
for one or more days. The first day after the vote is indicated with an asterisk. Standard 


Lis 


errors are in parentheses. 


One final point about Table 2 is troubling 
as well. The immediate reaction to tax news, 
shown in the first two rows of the table, 
cannot be explained by any of the firm char- 
acteristics included. All of the estimated co- 
efficients are small in magnitude and statisti- 
cally insignificant. The same is true when 
returns on the day before the evening vote 
are utilized as the dependent variable. At 
short horizons, returns seem unrelated to the 
tax news. I take up some implications of this 
puzzle next. i 


V. General Tests of the Market Response 


The cross-sectional results are consistent 
with two hypotheses: either tax reform had 
large effects that are not captured by the 
included variables; or the news of major tax 
reform did not significantly affect market 


ing and oil companies} have much greater tax bases 
than firms with only U.S. tax liabilities, so that their 
cash flow projections are understated relative to the 
other firms. Further, given the large changes in world 
commodity prices, the effective capital stocks for these 
firms might be farthest from market value. Re-estimat- 
ing the equations without these firms, or including the 
ratio of foreign taxes to total taxes paid as a proxy for 
these understatements however, does not change the 
results. 


valuations. This section explores these possi- 
bilities. 

As a first test of the importance of tax 
news, Table 3 presents correlations of excess 
returns for the two votes. If tax news had a 
large impact on the market, returns on days 
of similar news release should be positively 
correlated. Table 3 provides little evidence of 
large tax effects. The correlation on the days 
immediately after the votes is only 0.036, 
with a standard error of 0.057. This result is 
striking; on the two most important days in 
the process of tax reform, stock returns show 
no indication of common movement. Other 
days show a larger correlation than this, but 
there is little evidence of a pervasive reaction 
to tax news.” 

Over a 10-day horizon, the results are 
more promising but still rather weak. The 
correlation of 10-day excess returns is 0.197, 
with a- standard error of 0.055. While this 
estimate is statistically significant, it does 
not indicate when in the period the adjust- 


2l One potential explanation for these results is that 
the $; coefficients in equation (1) were changed by the 
tax reform, and thus the residuals reflect both tax 
reform news and errors from the change in the covari- 
ance. When correlations are estimated using either nom- 
inal returns or industry stock returns, where the 8, seem 
less likely to change greatly, however, the same pattern 
of correlations results. 
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ment occurred. Indeed, the within-week cor- 


relation of excess returns, like the cross-event 


correlations in Table 3, are generally very. 


small. 

A second test of the response to tax re- 
form is the dispersion of excess returns 
around the tax votes. If tax reform news was 
a large part of the market movement, mea- 
sures of the dispersion of returns on these 
days should be greater than similar measures 
on non-news days. This does not appear to 
be the case, however. The average standard 
deviation of returns in the weeks of the two 
votes are 1.81 percent for the House vote 
and 1.74 percent for the Senate Finance 
Committee vote. For the 30 days prior to 
May 1986, a period of no consistently large 
tax or other news, the average standard devi- 
ation is 1.93 percent. Even on the days im- 
mediately after the votes, both standard de- 
viations are only 1.96 percent, slightly above 
the longer period average. 

The same finding is true with one- 
week returns. The Monday-to-Monday re- 
turn standard deviations are 3.54 percent 
and 4.01 percent for the two votes, while for 
the 14 weeks prior to May 1986, the average 
is 4.41 percent. 


. There findings are consistent with two 


possibilities about market expectations of tax 
changes. Unfortunately, however, neither 
possibility seems very plausible. First,- the 
events considered might not have changed 
the expectations of market participants. The 
long discussions of the tax bill in Congress, 
or the support for tax reform by President 
Reagan might have convinced investors that 
tax reform was soon to occur. Both the im- 
mediate attention paid to the votes and the 
chronicles of journalists who covered the 
bill’s progress (Jeffrey Birnbaum and Alan 
Murray, 1987), however, make it difficult to 
believe that tax reform was anticipated long 
in advance. 

Second, the importance of the tax bill 
might have been reduced because further tax 
changes were expected after this bill passed. 
If, for example, investors felt that the bill 
would be quickly repealed or that tax rates 
would return to their previous levels soon, 
the reaction to the tax news would not be 
large. Evidence for this explanation is found 
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in the statements of congressmen who had 
hoped to raise revenue from the tax bill, and 
in the newspaper articles that cautioned 
against accepting this 'as the last major tax 
change. Again, however, the length of the 
process seems to belie the hypothesis of quick 
tax revisions. 


VI. Conclusions 


The stock market response to the 1986 
Tax Act suggests a mixed conclusion about 
the impact of tax reform. First, there is some 
microeconomic evidence for the predictions 
of the asset price model of incidence. The 
revaluation of share prices from the differ- 
ential taxation of new and old capital and 
the reduced value of, existing depreciation 
allowances do appear to be empirically im- 
portant. Second, however, there is little evi- 
dence of positive responses to changes in 
cash flows, or of significant reactions to the. 
tax llews more generally. Tests of thé vari- 
ances and covariances ,of excess returns con- 
sistently reject the hypothesis of large, imme- 
diate changes in share: values. Further, plau- 
sible explanations for the small response do 
not appear to be consistent with the tax 
reform process. 

These latter results especially suggest that 
an explanation for the observed reaction may 


`" be inefficient pricing: of the tax news by 


the market. Recent evidence indicates that 
changes in macroeconomic fundamentals 
cannot explain much of the variation in stock 
returns, and that even large legislative and 
diplomatic events that are not captured in 
macroeconomic time-series cannot account 
for a significant part of the residual variation 
(David Cutler, Poterba, and Summers, 1988). 

The limited reaction to the tax news could 
thus be indicative of this more general inex- 
plicability of stock returns with economic 
fundamentals. 
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Predicting Stock Price Responses | _ 
to Tax Policy Changes 


By THOMAS W. DOWNS AND HASSAN TEHRANIAN* 


Events leading to stock price windfalls 
happen for a variety of reasons. Lately huge 
gains and losses have resulted from changes 
in federal tax policies. Alan Auerbach and 
Laurence Kotlikoff (1983) estimate the Eco- 
nomic Recovery Tax Act (ERTA) of 1981 
induced a $200 to $300. billion capital 
loss. More recently, Lawrence Goulder and 
Lawrence Summers (1986) and Thomas 
Downs and Patric Hendershott (1987) -esti- 
mate that the Tax Reform Act of 1986 pro- 
vided corporate shareholders with a 12 or 13 
percent windfall gain. The legislative grant- 
ing of windfall gains or losses gives rise to an 
important question of public policy: What is 
the impact of major tax changes on corpo- 
rate asset values? l 


The objective of this study is to introduce 


and test a model for estimating windfalls 
- resulting from tax policy changes. The model 
describes fundamental equity value’ as. a 
function of capital accumulation patterns, 
tax policy parameters, and the equilibrium 
between rental prices and the expected re- 
turn on capital. The impact on fundamental 
equity value of the policy changes enacted 
with ERTA is simulated and those results 
are used as predictions about stock price 
windfalls. Such windfalls. are computed for 
different aggregates and actual stock returns 
data are analyzed to see whether the pre- 
dicted windfalls accrued: 

Section I introduces the valuation model. 
Section II presents estimates of fundamental 
equity value for the U.S. nonfinancial corpo- 
rate sector and three manufacturing indus- 


*Finance Department, Boston College, Chestnut Hill, 
MA 02167. We are especially grateful to Patric Hender- 
shott for direction and to George Aragon, Robyn 
McLaughlin, Nickolaos Travlos, and Jerry Viscione for 
discussions. Funding has been provided by Boston Col- 
lege Research Grants programs. Anonymous referees 
have provided generous help. Errors are ours. 
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tries. Section III simulates the change in — 


fundamental equity value from ERTA, and 
Section IV analyzes stock returns data to 
determine whether predicted price adjust- 
ments occurred. Section V is the summary. 


I. The Valuation Model 


Fundamental equity value is the present 
value of the cash flows expected to accrue to 
shareholders discounted by the equity fi- 
nancing rate. Denote as R/ , the expectation 
formed at time s about the equity residual 
cash flow to be received at: time ¢ from 
productive factor j. The fundamental equity 
value of shareholder claims against produc- 
tive factor j, denoted V/, is 


= 
Vj = 3 (1 + ey ORE, 


f=os+] 


(1) 


where e denotes the equity financing rate. 
Computing V/ requires specification of the 
equity financing rate and the equity cash 
flow stream for each factor of production. 

‘The equity financing rate can be deter- 
mined from a portfolio equilibrium. Letting 
T? denote the effective personal tax rate on 
equity returns and rf the effective tax rate 
on interest income, then 


(2) (-r*)e=(1—r')p+(1— 7°) By’. 


p is the pretax riskfree interest rate, y° is the 
pretax risk premium for interest in the mar- 
ket portfolio of corporate equities, and £ is 
the proportion of premium paid by the pro- 
ducer. The equity financing rate can be de- 
termined from equation (2) given exogenous 
estimates for T°, Tf, p, B, and y°. 

Equity cash flows are generated by only 
capital factors of production because non- 


capital inputs do not pass cash flows to © 
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equity. Say capital type j is expected to 
provide a pretax return (earnings before tax 
depreciation, interest, and taxes) equal to 
NOI! and promises tax depreciation deduc- 
tions equal to TAXD/. Given financing by 
debt and equity, the cash flow for equity 
equals after-tax NOJs plus the value of the 
depreciation ‘tax shield less after-tax interest 
and debt repayments, 


(3) Ri, = (1—7)NOI/+7TAXD/ 
—(1— 7) INT! + ADEBT/. 


7 is the corporate profits tax rate and INT/ 
and ADEBT! are the interest and principal 
cost of debt services associated with financ- 
ing capital type j. Vj is 


20 . 
E (+e) 9 
t=s 4+1 


(D is 


x |(1- 7) NOI) + rTAXD/ 
~(1—1)INT/ + ADEBT;|. 


Later in this study fundamental equity value 
is estimated from equation (4). The remain- 
der of Section I describes the modeling of 
INT, ADEBT, NOI, and TAXD. 

Capital market equilibrium imposes a re- 
striction on the values of all financial claims 
(Franco Modigliani and Merton Miller, 
1963). Total capital income is (1— +r)NOJ + 
TTAXD and in equilibrium it equals the 
after-corporate-tax cost of financing. The 
fundamental value of financial claims on 
capital type j at time £, denoted W/, is 


(6) w= E (rye 


uae 
x [(1- +) NOI + tTAXD}. 


r is the weighted average after-tax cost of 
financing, a(1 — r)i +(1— a@)e, where i is the 
pretax debt financing rate and a is the debt- 
to-market value ratio. The interést and prin- 
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cipal cost of debt services are 
(6) INT/=ioW/,, and 
(7)  ADEBT/ = «(Wj -Wz.,). 


Vj measures the discounted value of the 
cash flows expected from existing capital 
plus the net present value of future invest- 
ments. Previous studies indicate that in ag- 
gregate measurements the net present value 
of future investments is very small. Daniel 
Holland and Stewart Myers (1981) provide 
estimates that in the nonfinancial corporate 
sector in 1978 the net present value of future 
investments is less than one-half of 1 percent 
of the capital stock’s replacement cost. Esti- 
mates by William Brainard, John Shoven, 
and Laurence Weiss (1980), imply that in 
1977 the net present value of future invest- 
ments for 187 large industrial firms is — 1.39 
percent of market value and between 
1968-77 the average is 1.59 percent. Because 
the net present value of future investments 
as a proportion of existing capital is rela- 
tively small, NOI, and TAXD, are assumed 
to result solely from capital in-place at 
time s. 

Insights about the NOI stream can be 
made by analyzing the marginal investment 
equilibrium of zero net present value. As 
discussed by Thomas Downs (1986), the re- 


placement cost of a unit of new type j 


capital, denoted g/, is at equilibrium with its 
discounted income.stream when 


o9 
qi=vigit YY (l+r=r) 7>? 


t=s+] 
+ > a a . 
x(1- nef y; ni 7qiZ!. 
us] 


y is the effective rate of the investment tax 
credit, a is the rate of expected inflation, c, 


‘1s the time s rental price of capital, and Z is 


the present value of depreciation deductions 
per dollar of investment. The percent of 
original productive capacity lost by capital u 
periods after its acquisition is h,. For exam- 
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ee with geometric depreciation h, = 6(1— 

6); ; with straight-line depreciation Over a 
service life of L years, h,=1/L for u= 
1,...,L and h,=0 for u> iL. The term in 
square brackets [-] is the proportion of time 
s investments surviving until time t. 

Isolating the rental price from the zero net 
present value equilibrium shows 


(8)  ci=qi(r-a)(1-7-1Z’)/ 
[(1-7)(1- H)]. 


H is a depreciation term, 0< H <1, com- 
puted as 


OO 
(9) H=) (ltr—a) “hi. 


u=} 


For nondepreciating, infinite life capital, H 
is zero, and for assets that depreciate rapidly, 
H is close to unity. When assets depreciate 
over an infinite life at the geometric rate 'ĝ, 
H computed from equation (9) is 6/(r+ 
6 — n) and the rental price computed from 
equation (8) is ¢,(r+8-a)d—v-—1Z)/ 
(1— 7), the formulation: introduced ` by 
Robert Hall and Dale Jorgenson (1967). 

The rental price is the NOJ earned by a 
unit of capital, When adjustment costs are 
absent or equal for assets of different vintage 
the NOI on one unit of new capital is the 
same as that on old capital. In the presence 
of adjustment costs that vary across assets of 
different vintage the NOJ for new and old 
capital differ. Herein, the assumption is 
maintained that adjustment costs are zero 
for all capital and they are unaffected by tax 
policy changes." 

Total NOI’ for the capital stock equals 
the product of rental price times real capital 
stock. Given exogenous economic deprecia- 
tion,* the stock of real type j capital in-place 


‘Auerbach (1986) shows that in the presence of ad- 
justment costs the windfall is accentuated because of 
the transient inequality between the return on capital 
and rental prices. 

*Hall and Jorgenson (1967) assume exogenous depre- 
ciation along a geometric pattern, and Charles ‘Hulten 
and Frank Wykoff (1981) provide supporting evidence. 
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at time s that survives until time ¢ is 


f{— 5 

(10) K/= y Ij. h- 2 g 
` u= feg 

I/ denotes real vesiment piemist the rental 

price rises with inflation; total NOI expected 


at time f¢ is 
(11) NOLI =c}(1+7) T ORS, 


Future tax deductions promised by the 
existing stock, TAXD/, are predetermined by 
historic investment flows and the tax depre- 
ciation laws in effect at the time the capital 
was put in-place. Let z/, be the proportion 
of time s gross investments deductible for 
tax purposes at time s + u. The tax deprecia- 
tion deduction that the time s capital stock 
promises at ¢ is 


: 


o0 
J fi oJ 
» EER a ae 


u=i-s 


(12) TAXD/ = 


Equations (11) and (12) specify the construc- 
tion of return streams spanning times t= 
S,...,00 that- may be used to find the present 
value of the capital income stream. 


Il. Fundamental Equity Value Before ERTA 


Estimation of fundamental equity value 
requires construction and substitution of 
equations (5) through (12) into (4) for each 
type of capital asset. According to the U.S. 
Federal Reserve Board (FRB, 1985) Current 
Cost Balance Sheets, the $3,773 billion of 
total assets in the nonfinancial corporate sec- 
tor (NFC) at year-end 1980 are comprised of 
fixed assets (47percent), short-term assets 
(43 percent), and land (10 percent). For 
short-term assets and land fundamental val- 


The zeometric assumption has been challenged by 


Robert Eisner (1972) and Martin Feldstein and Michael 
Rothschild (1974). Capital stock estimates generated by 
the U.S. Bureau of Economic Analysis (1986) as do our 
estimates herein, assume depreciation is exogenous along 
a straight-line pattern. 
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ues are assumed equal to the FRB entries, 
but for fixed assets the valuation model in- 
troduced above is employed. Separate 
streams and values for plant and equipment 
are estimated because of differences in ser- 
vice lives and tax treatment but the discus- 
sion below usually refers to the sum or 
weighted average of the two streams. Discus- 
sion focuses first on the NFC exclusively; 
industry estimates are described toward the 
end of Section II. 

Our estimate of the equity financing rate 
(e) is 0.1708 and is constructed in accor- 
dance to equation (2) with the following 
settings. Debt rates hovered in the 13 per- 
cent range during the period under study so 
p is set to 0.13 and the equity risk premium 
(y°) is set to 0.07, the mean annual premium 
on common stocks between 1948-83 (Roger 
Ibbotson, 1984). The tax rate on interest 
income (r') is 0.366 and is computed by Joe 
Peek and James Wilcox (1983) as the average 
marginal tax rate on interest income. The tax 
rate on equity returns (7°) is 0.182 and is 
computed as a weighted average of tax rates 
on dividends and capital gains.’ B for the 
NFC is set to unity. 

The length of the cash flow streams equal 
the average service life of capital, 30 and 13 
years for plant and equipment, respectively, 
based on data from the Bureau of Economic 
Analysis (BEA, 1986).4 Column 1 of Table 1 
lists the proportion of the year-end 1980 real 
capital stock remaining productive each year 
into the future. By the seventh year, 1987, 
the surviving stock is capable of producing 


Joe Peek supplied generous discussion and data 
about 7’. For 7°, the weight applied to the dividend tax 
rate is 0.40. Following Hendershott (1986) the dividend 
tax rate is r™*/2 and the capital gains tax rates 
(1-exclu)r™*/4, where r™* is the statutory maximum 
personal tax rate (70 percent pre-ERTA and 50 percent 
post-ERTA) and “exclu” is the capital gains exclusion 
of 0.60. The divisions by 2 and 4 reflect deferral and 
avoidance activities. 

“John Musgrave and Kenneth Rogers at the Depart- 
ment of Commerce (Bureau of Economic Analysis and 
Office of Business Analysis, respectively) have provided 
generous discussion and data. Our estimate of NFC 
plant and equipment at year-end 1980 is $1,640 billion 
and is comparable to the BEA estimate of $1,697 bil- 
lion. 
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less than half of its 1981 product. After the 
thirteenth year the stock of equipment is 
totally expired and after the thirtieth year, 
2010, all remnants of the year-end 1980 real 
capital stock have expired. 

The NOI equals the product of the real 
capital stock times the rental price. A dollar 
of equipment generates $0.2347 of NOI 
whereas per dollar of plant it is $0.1789.° 
The NOI stream for plant and equipment is 
listed in column 2. One-third of all NOIs 
during the first six years of the return stream 
are free from taxation because of the shield 
provided by depreciation deductions. Esti- 
mates of the tax shield that assets existing 
at year-end 1980 were expected to provide 
over their remaining lives are obtained by 
depreciating historic investments with the 
tax depreciation practices in effect at their 
time of acquisition, as specified in equation 
(12). The proportion of new investments 
(plant or equipment) depreciated by acceler- 
ated methods and tax lives are taken from 
the SSRC-MIT-PENN Quarterly Economet- 
ric Model (1983). Half of all. investments 
depreciated by accelerated methods are de- 
preciated by sum-of-year’s digits and half by 
200 percent declining balance (150 percent 
for plant after 1969) with an optimal switch 
to straight-line. Investments not depreciated 
by accelerated methods are depreciated by 
straight-line. The stream of tax depreciation 
deductions promised by the year-end 1980 
capital stock is listed in column 3 of Table 1. 

The fundamental value of debt and equity 
claims on plant and equipment, denoted 
W(P&E), can be computed by discounting 
the NOI and TAXD streams with the 
weighted average cost of financing. Dis- 
counted after-tax NOJs plus discounted 
depreciation tax savings yield a W(P&E) 
of $1,218 billion (see equation (5) and col- 


`The rental price constructed according to equation 
(8) assumes: » is 0.0610 for equipment and 0.0 for plant 
(N. Beliravesh, 1985); r is 0.4924 reflecting the marginal 
tax rate of 0.46 and a deductible state and local tax rate 
of 0.06; x is 0.08; Z is 0.5997 for equipment and 0.3182 
for plant and is constructed from the depreciation 
schedules described in the text; r is 0.1362 based on an 
e of 0.1708, i of 0.1300, a of 0.33; H is 0.6964 for 
equipment and 0.4782 for plant. 
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TABLE 1 —— FUTURE SERVICES FROM THE 1981 CAPITAL STOCK 


Capital 
Year Surviving NOI, 
(1): (2) 

1981 100.0 percent $338.5 
1982 89.9 328.4 
1983 80.4 316.5 
1984 71.3 303.0 
1985 62.8 287.7 
1986 54.9 270.7 
1987 47.5 252.6 
1988 40.9 234.0 
1989 34.9 214.9 
1990 29.5 195.5 
1991 24.8 176.7 
1992 20.8 159.9 
1993 17.8 146.7 
1994 15.5 138.3 
1995 13.8 132.5 
1996 12.1 125.8 
1997 10.5 118.3 
1998 9.1 110.2 
1999 i 7.7 101.4 
2000 6.5 92.0 
2001 5.4 82.2 
2002 4,4 72.0 
2003 3.5 61.5 
2004 2.6 50.9 
2005 2.0 40.6 
2006 1.4 30.8 
2007 0.9 21.6 
2008 0.5 13.3 
2009 0.2 6.5 
2010 0.1 1.8 
Discounted Sum l 

with r =13.62 percent $1,869 


Discounted Sum 
with e =17.08 percent 


DECEMBER 1988 
(1—r)NOI 
TAXD, + +TAXD Riss 
3) (4) 6) 
$133.6 $237.7 $182.4 
128.6 230.0 175.5 
110.4 215.0 163.6 
91.3 198.8 151.1 
78.3 184.6 140.0 . 
68.2 171.0 129.4 
60.7 158.1 119.4 
53.3 145.0 109.3 
46.1 131.8 99.2 
38.4 118.1 89.0 
17.1 98.1 74.8 
16.2 89.2 68.1 
15.4 82.0 62.6 
14.6 77.4 58.9 
13.9 741 56.0 
13.1 70.3 52.8 
12.4 66.2 49.4 
11.7 61.7 45.7 
11.0 56.9 41.9 
10.2 51.8 37.9 
9.5 46.4 33.7 
8.8 40.9 29.5 
8.1 35.2 25.2 
7.5 29.5 20.9 
6.6 23.9 16.8 
5.8 18.5 12.9 
5.0 13.4 9.3 
4.3 8.9 6.1 
3.7 5,1 3.5 
3.0 2.4 1.6 
$548 $1,218 
$816 


Notes: All dollars are in billions and refer to the stock of nonfinancial corporate plant 
and equipment in-place at the bezinning of 1981. Estimates are constructed from 


formulas and data described in text. 


umn 4)). Fundamental equity value, denoted 
V(P&E), is (1 — a) times that or $816 billion. 
The identical V(P&E) can be obtained by 
constructing the INT and ADEBT streams 
and discounting the equity residual cash flow 
stream by the equity financing rate (see 
equation (4) and column 5)). 

The fundamental value of total assets 
equals W(P&E) plus FRB short-term assets 
and land and is $3,294 billion. It exceeds the 
$2,683 billion value of debt and equity 
claims, meaning that either securities are 
“undervalued” or that the fundamental value 
estimate is too high. The ratio of total mar- 


ket value to total fundmental value, referred 
to herein as the “overvalue ratio,” is 0.81 for 
the NFC. | 

In the same fashion estimates of V(P&E) 
are generated in the Food Products (SIC 20), 
Paper and Allied Products (SIC 26), and the 
Stone, Clay, and Glass (SIC 30) industries.® 


©The BEA data and our fundamental value estimates 
are on an establishment definition. The COMPUSTAT 


and CRSP: data are on an enterprise basis. Our funda- . 
mental value estimates are multiplied by the year-end | 


1980 ratio of “COMPUSTAT Industry Sample Total 
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TABLE 2— FUNDAMENTAL EQUITY VALUE OF FIXED ASSETS 
AND PREDICTED EQUITY WINDFALLS 
Total Stone, Clay, 
Nenfinancial Food Products Paper Products and Glass 
Corporate SIC 20 SIC 26 SIC 30 
1 Before-ERTA 
$816.3 $13,533 $11,714 $2,571 
2 Constant Personal Tax and Interest Rates but Full Adjustment to ACRS . 
$725.4 $11,675 $10,127 $2,039 
— 6.98 percent — 4.88 percent — 6.50 percent — 9.90 percent 
3 Constant Interest Rates but Full Adjustment to ACRS and 
Personal Taxes 
$724.2 $11,662 $10,114 $2,041 
~ 7,07 percent — 4.92 percent — 6.56 percent — 9.86 percent 
4 Full Adjustment to ACRS, Personal Tax, and Interest Rates 
$737.2 $11,908 $10,278 $2,108 
— §.07 percent — 4.27 percent — 5.89 percent — 8.63 percent 


Netes: Dollars are in billions for the NFC and millions for the industries. The 
percentages are the predicted excess rate of return to shareholders, computed as the 
change from Before-ERTA fundamental value relative to equity market values. Equity 
market value is 1,303 billion dollars in the NFC and in SICs 20, 26, and 30 they are 
38,059, 24,399, and 5,372 million dollars, respectively. Estimates are constructed from 


formulas and data described in text. 


The same interest and income tax rates are 
used in all industries but each industry has 
its unique equity beta (0.796, 0.760, and 
0.992 in SICs 20, 26, and 30, respectively), 
debt ratio’ (0.4920, 0.3943, and 0.6840, re- 
spectively), tax lives (Robert Coen, 1975), 
effective rate of the investment tax credit 
(N. Behravesh, 1985), asset service lives 
(equipment: 14, 16, and 15 years; plant: 28 
years), and capital investment data (BEA). 
The fundamental equity value of plant and 
equipment is $13.5, $11.7, and $2.6 billion in 
SICs 20, 26, and 30, respectively. The over- 
value ratios are 0.98, 1.09, and 0.75.8 The 


Net Fixed Assets” to “BEA 2-digit SIC Industry His- 
toric Cost Replacement Cost,” 0.8580, 0.8248, and 
0.7120 for SiCs 20, 26, and 30 so that all industry 
estimates in this study are stated on an enterprise basis. 

The calculation of the debt to market value ratios, 
a, follows the procedure used by George VonFursten- 
berg, Burton Malkiel, and Harry Watson (1980) and 
employs market to book value ratios for long-term debt 
of 0.6665, 0.7332, and 0.6337 in SICs 20, 26, and 30, 
respectively. 

In SIC 20 W(P&E) is $26,640 million. The total 
fundamental value of all other assets is $49,779 million 


market values of debt and equity in Food 
and Paper Products are reconcilable to within 
10 percent of their fundamental values, but 
Stone, Clay, and Glass appears undervalued 
by a quarter. 


lll. Fundamental Equity Value After ERTA 


The Economic Recovery Tax Act of 1981 
affected stock prices through several chan- 
nels. First is the influence of changes in the 
treatment of tax depreciation deductions on 
new investments. Second is the infiuence of 
changes in personal tax rates and third is the 
influence of changing interest rates because 
of shifts in the demand for capital. These 


‘influences are considered separately and are 


empirically summarized in Table 2. 


and is computed from the COMPUSTAT (1984) indus- 


try sample as “Total Assets” less “Net Fixed Assets.” 
The actual market value of debt (see fn. 7) and equity 
claims is $74,919 million. The overvalue ratio is 0.98 
| = $74,919 /($26,640 + $49,779)]. The SIC 26 overvalue 
ratio is 1.09 [ = $40,284/($19,340+ $17,758)] and the 
SIC 30 overvalue ratio is 0.75 [=$17,000/($8,136 + 
$14,441)}. 
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TABLE. 3— SENSITIVITY OF EQUITY WINDFALLS TO KEY PARAMETERS 
SIC 20 SIC 26 SIC 30 
1 Parameters Restricted to Same Value: None 


Parameters Varying Across Industries: 
Percentage Windfall 

2 Parameters Restricted to Same Value: 
Parameters Varying Across Industries: 
Percentage Windfall 

3 Parameters Restricted to Same Value: 
Parameters Varying Across Industries: 
Percentage Windfall 

4 Parameters Restricted to Same Value: 
Parameters Varying Across Industries: 
Percentage Windfall 


Beta, Debt Ratio, Rental Price 

— 4.88 percent — 6.50 percent ~ 9.90 percent 
Beta 

Debt Ratio, Rental Price 

— 4.88 percent — 6.56 percent — 9.77 percent 
Beta, Debt Ratio 

Rental Price 

— 4.88 percent —6.15 percent — 11.48 percent 
Beta, Debt Ratio, Rental Price 

None 

— 4.88 percent —6.18 percent — 11.98 percent 


Notes: When parameters are restricted they are set to the value they have in SIC 20. 


A. Constant Personal Tax and Interest 
Rates but Full Adjustment to ACRS 


Implementation of the Accelerated Cost 
Recovery System (ACRS) allowed new in- 
vestments to be depreciated more quickly 
than before resulting in an increase in the 
present value of marginal depreciation tax 
savings. Old capital is not entitled to the 
higher tax savings and a wedge is inserted 
between the values of new and old capital. 

The present value of tax depreciation de- 
ductions rises from 32 to 47 cents per dollar 
of structures investment and from 60 to 75 
cents for equipment. The response to this 
incentive effect is a decline in the marginal 
physical product of capital and an equilib- 
rium where pretax returns may be smaller 
yet satisfy zero net present value conditions. 
The smaller rental price and NOI translate 
into a decline in fundamental equity value of 
$81.7 billion, a 6.27 percent windfall loss 
relative to the $1,303 billion market value of 
outstanding NFC equity.’ 

The reduction in fundamental equity value 
represents an “unlevered loss” and occurs 
regardless of capital structure. With debt 
financing there is an additional “levered 
loss.” The levered loss can be found by 


* David Cutler (1988) examines stock price responses 
to the Tax Reform Act of 1986. He finds revaluation of 
share prices from changes in marginal tax depreciation 
schedules are empirically important. 
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noting that the debt ratio remains un- 
changed if there is an immediate debt repay- 
ment of $30.8 billion. The retirement reduces 
future debt services thereby raising dis- 
counted equity cash flows by $19.3 billion. 
The $11.5 billion difference is the levered 
loss, and the proportion (1 — a)/(1 — ra) falls 
on equity.!? For the NFC the levered loss is 
$9.2 billion, representing 0.71 percent of eq- 
uity values. 

The net impact of ACRS is a $90.9 billion 
reduction in fundamental equity value repre- 
senting 6.98 percent of the market value of 


outstanding NFC equity (see row 2, Table — 


2). At the industry level ACRS again inserts 
a wedge between the values of new and old 
capital. In SIC 20 the fundamental equity 
value decline of $1,858 million represents a 
4.88 percent windfall stock market loss. The 
loss in SIC 26 is $1,587 million or 6.50 


percent of industry stock market value and | 


in SIC 30 the $532 million loss is 9.90 per- 
cent of shareholder value. 

The sensitivity of the predicted losses to 
key parameters is analyzed by reestimating 
with alternative pre- and post-ACRS param- 
eters. Those results are in Table 3. First, the 


Given that Ar=a(l—7)Ai+(— a)Ae and the 
additional risk is shared equally be debt and equity (i.e., 
Ai= Ae), the proportion of Ar borne by equity is 


(l- ajja- 7)+(1 — @)], or (1 - a — ra). The pro- 


portion borne by debt, a(1— 1)/(1— Ta), is an increas- 
ing function of the debt ratio. 
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equity betas in all industries are set to the 
value of beta in SIC 20. The reduction of 
beta in SIC 30 by one-fifth lessens the wind- 
fall from —9.90 to —9.77 percent (see row 
2). In row 3 sensitivity to capital structure is 
shown by restricting the debt ratio to its 
value in SIC 20. The decline in debt ratio by 
one-quarter in SIC 30 increases the equity 
loss by one-fifth. Row 4 holds pre- and 
post-ACRS rental prices constant and shows 
the percentage loss is not sensitive to the 
level of rental price. 

The impact of ACRS on share prices in 


Stone, Clay, and Glass is more than in either- 


of the other two industries—5 percentage 
points more than in Food Products. The 
overvalue ratio at 0.75 acts as a leverage 
ratio in that it amplifies the response of 
security prices to a given change in funda- 
mental value. The large negative windfall 
occurs in Stone, Clay, and Glass because the 
market correctly capitalizes’ the value loss 
but the undervalued equity base is relatively 
small. + | 


B. Constant Interest Rates but Full 
Adjustment to ACRS and 
_ Personal Tax Rates 


The 1981 Tax Act reduced the maximum 
marginal personal tax rate from 0.70 to 0.50. 
This exerts an influence on fundamental eq- 
uity value through +r‘ and 7°. Peek and 
= Wilcox have computed that from 1981 to 
1982 the average marginal personal tax rate 
on interest income falls from 0.366 to 0.333. 
tÍ is assumed to fali likewise. The computa- 
tion of 7° depends on the statutory maxi- 
mum tax rate (see fn. 3) and is computed to 
fall from 0.182 to 0.130. There is a resulting 
fall in equity and average financing rates and 
rental prices. Row 3 of Table 2 shows there 
is a further 10-basis point predicted share- 
holder loss. 


The ratio of AV to sales is —0.69, —1.63, and 
—0.91 percent in SICs 20, 26, and 30,. respectively. 
Thus, the value loss relative to sales in SIC 30 lies 
between the other industries. The ratio of sales to debt 
plus equity market value, though, is 3.79, 2.01, and 6.26, 
respectively. In SIC 30, an unusually small stock of 
value supports a proportionately large amount of sales. 
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C. Full Adjustment to ACRS, Personal 
-~ Tax, and Interest Rates 


The ACRS investment incentives shifted 
the demand schedule for capital and exerted 
upward pressure on the interest rate. The 
rising interest rate has two effects. The aver- 
age financing rate increases and rental prices 
increase. These two contrary influences tend 
to reduce fundamental value due to a dis- 
counting effect but tend to increase funda- 
mental value due to the NOJ-rental price 
effect. ; 

The net impact of a rising interest rate on 
fundamental equity value may be positive or 
negative and the direction of influence de- 
pends on the interest elasticity (duration) of 
the marginal return stream relative to the 
interest elasticity of the average return 
stream.'* A stream with a long duration has 
a higher elasticity and responds more to an 
interest rate change than does a short dura- 
tion stream. A rising financing rate reduces 
the marginal investment’s net present value 
below zero and the producer responds by 
selecting an investment budget and produc- 
tion plan with an increased marginal prod- 
uct of capital. The duration of the marginal 
return stream measures the rise in marginal 
product and rental price that reestablishes 
zero net present value marginal equilibrium. 

The increased rental price increases the 
total NOI stream. This rise offsets a portion 
of the total value loss brought on by the 
higher discounting effect. When average du- 
ration is less than marginal duration the rise 
in total.fundamental value from a higher 
rental price is more than the total value loss 


The average duration of the total capital income 
stream (equation (5)) is 4.84 years. The duration of the 


' marginal return stream at the zero net present value 


equilibrium (equation preceding (8)) is 5.62 years. The 
ratio of average to marginal duration is less than unity 
and dV/di>0. The relationship between interest rates 
and duration is discussed by Eugen Bohm von Bawerk 
(1988, esp. pp. 342-49), wherein it is referred to as 
“average period.” J. R. Hicks (1939, esp. pp. 186~88, 
222~24) describes how value and interest rate changes 
are related to the relative duration of return streams. 
The computational formula for duration is introduced 
by Frederick Macaulay (1938). 
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induced by higher financing rates. A smaller 
change in rental price—a change propor- 
tional to average duration—would have left 
total value unchanged, but the lesser change 
would not have reestablished marginal equi- 
librium. 

To deduce the impact of ERTA on inter- 
est rates an estimate is borrowed from Patric 
Hendershott (1986). The Hendershott model 
allocates a fixed capital stock among thirteen 
classes of residential and nonresidential cap- 
ital and finds that a 106-basis point interest 
rate rise in response to ERTA maintains the 
aggregate demand for capital at its initial 
level. Comparison of rows 3 and 4 in Table 2 
shows that the impact of a 1.06 percent 
interest rate rise is a 1.00 percent windfall 
equity gain in the NFC and in the different 
industries the gain ranges from 0.67 to 1.23 
percent. 

The total equity windfall induced by 
ERTA from ACRS, personal tax, and inter- 
est rate changes are $--79.1 billion, a loss 
equivalent to 6.07 percent of the market 
value of outstanding equities in the nonfi- 


nancial corporate sector. In SICs 20, 26, and | 


30, the equity windfalls equal — 4.27, — 5.89, 
and —8.63 percent of stock market values. 
Stock returns in two industries are predicted 
to outperform market; a third. industry is 
predicted to underperform. 


IV. A Comparison of Predicted and Actual 
Stock Price Movements 


The ideas in the 1981 tax legislation origi- 
nated with a bill introduced in 1977. The bill 
received little. attention until President 
Reagan introduced to Congress on February 
18, 1981, a tax proposal adopting some of 
the earlier provisions. Progress toward tax 
reform was slow and not until June 1981, 
did the president and Congress seem serious 


about compromise. The bill quickly came ` 


together and on August 14, President 
Reagan signed the Economic recovery Tax 
Act of 1981. This section measures the wind- 
fall stock returns accruing because of ERTA 
between February 18 and August 14, 1981. 
Our measurement excludes price adjust- 
ments prior to February 18 reflecting antici- 
pations about the direction tax policy was 
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taking, or adjustments after August 14 re- 
flecting slow revisions in expectation. 

The valuation model can be tested by 
comparing the predictions with the relative 
performance of each industry. Separate port- 
folios are constructed for common stocks in 
the Food Products (SIC 20), Paper and Al- 
lied Products (SIC 26), and Stone, Clay, and 
Glass (SIC 30) industries. Included securities 
are listed on the Center for Research in 
Security Prices (CRSP, 1985) Daily Returns 
File and in each portfolio there are 79, 42, 
and 32 securities, respectively. The NFC 
proxy is the CRSP equal weighted market 
index. 

Standard “event-study” methodologies 
(see H. Tehranian, N. Travlos, and J. 
Waegelein, 1987) estimate the excess risk- 
adjusted return for security j in portfolio n, 
ERŻ”, as 


ER}" = Ri— (a! + BPR?) 


R/ and R” are returns on security j and the 
market index, respectively, and a/ and B/ 
are the ordinary least squares estimates of 
R/ on R™. Excess returns are estimated for 
each security in the portfolio for all trading 
days between February 18 and August 14, 
1981.’ 

The cumulative average excess return be- 
tween days ¢ and u for N securities in indus- 
try n, CAER} m is 


u N 
CAER} ,=(1/N).y) DERI. 
s=t j=l 


CAER measures relative industry windfalls 
and its expected value is zero if industry 
returns equal market. The null hypothesis 
that industry and market perform the same 


The a and £ estimated between August 4, 1980, 
and January 6, 1981 (106 trading days) is assumed 
constant until August 14, 1981. As a check for stationar- 
ity a and £ are reestimated for the period September 8, 
1981, to March 1, 1982 (106 trading days). The industry 
average $ in the pre- and post-reform periods are 0.80 
and 0.78 in SIC 20, 0.76 and 0.79 in SIC 26, and 0.99 
and 0.94 in SIC 30. 
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TABLE 4— ACTUAL RISK-ADJUSTED Excess STOCK RETURNS 


Row SIC 20 SIC 26 SIC 30 
1 Predicted Excess Return 
1.80 percent 0.18 percent — 2.56 percent 
2 Actual Cumulative Average Excess Return, February 18 to August 14 
6.71 percent (3.55) 4.09 percent (1.30) — 3,82 percent (— 0.62) 
3 Actual Cumulative Average Excess Return for Nine ERTA Events 
Total 
of All l 
Events 2.25 percent (2.75) 2.06 percent (1.13) — 2.18 percent {— 1.26) 
By Event 
1 0.314 percent (1.378) 1.287 percent (2.800) 0.425 percent (0.354) 
2 0.507 (1.665) —0.141 (0.149) — 0.795 (— 1.395) 
3 0.263 (1.135) 0.439 (0.841) 0.254 (0.052) 
4 0.283 (0.955) —0.577 (— 1.783) — 0.327 (— 0.595) 
5 — 0.247 (-— 0,858) 0.579 (0.543) — 0.237 (— 0.276) 
6 0.932 (2.179) 1.242 (2.758) — 0.282 (— 0.627) 
7 0.415 (1.517) — 0.336 (— 0.831) — 0.754 (— 0.360) 
8 — 0.415 (~0.741) 0.083 (0.103) — 0.492 (— 0.865) 
9 0.203 (1.013) ~ 9.520 (— 1.200) 0.022 (—0.071) 


Notes: Predicted excess return equals the difference between the industry and NFC equity windfalls, as listed in row 
4, Table 2. Event returns are the cumulative average excess industry stock returns for the day before ard day of the 
event date listed in Table 5. Standard normal statistics testing for zero equality (see equation (13) are in parentheses. 
Estimates are constructed from formulas and data described in Section IV. 


is tested with the standard normal statistic 


[N(u—t+1)] 7” 


u N 
x LL (ERYS). 


s=rjol 


(13) z= 


S” is the estimated forecast error standard 
deviation. The null hypothesis that the in- 
dustry CAER equals the prediction from the 
valuation model is tested with the standard 
normal statistic 


Z? = Z"(1—%AV/CAER"), 


where percentAV is the prediction. 

: CAERs are listed in row 2 of Table 4. SIC 
20 outperforms the market by 6.71 percent 
substantially more than the 1.80 percent pre- 
diction listed in row 1. Predicted and actual 


Meu is computed from the forecast error standard 
deviation formula given in most econometrics books. 
This assumes independent and identically normally dis- 
tributed stock returns. The biasedness introduced by 
cross-sectional dependence among securities is exam- 
ined by John Binder (1985) and Paul Malatesta (1986). 


excess returns in SIC 26 are 0.18 and 4.09 
percent, respectively, and in SIC 30 they are 
—2.56 and — 3.82 percent. Performance rel- 
ative to the market is in all. industries the 
same sign as predicted but the variance of 
stock returns is large. Only in SIC 20 are 
excess returns significantly different from 
zero, as evidenced by the Z% of 3.55 listed 
in the parentheses of Table 4. 

The CAERs discussed above include ex- 
cess returns attributable to non-ERTA infor- 
mation changes. That effect can be damp- 
ened by measuring excess. returns on only 
those days when significant news about 
ERTA becomes available. A review of The 
Congressional Quarterly Almanac (1981) and 
The Wall Street Journal Index (1980, 1981) 
suggests there are nine releases of significant 
information. These are listed in Table 5.15 


‘S-The event is the day of publication of announce- 
ment in The Wall Street Journal but the CAER also 
includes returns on the trading day before the event. 
Sensitivity is examined by computing CAERs for the 
nine events including three days prior to the event. In 
SICs 20, 26, and 30 these CAERs (and Z statistics) are 
3.19 percent (3.07), 1. = percent (0.99), and — 1.64 
percent (—0. ee : 
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TABLE 5— DATES OF IMPORTANT INFORMATION RELEASES ABOUT ERTA 


Description 


Reagan Formally Announces Tax Reform Proposal 


to Congress 


Reagan Offers Revised Tax Reform Proposal 
Compromise Plan on Tax Treatment of Depreciation 


- is Worked Out Between Reagan and Business 


House Ways & Means Committee Tentatively 


Approves New Depreciation Guidelines 


Senate Finance Committee Tentatively Approves 


New Depreciation Guidelines 


Reagan and House Ways & Means Committee 


Work Out a Compromise Bill 


Senate and House Each Pass Their Own Version of 


Tax Reform; a Panel Is Set to Resolve Conflicts 


Event Date 

1 2-18-81 
2 6-8-81 

3 6-10-81 
4 6-19-81 
5 # 6-25-81 
6 7-24-81 
7 7-30-81 
8 8-5-81 

9 8-14-81 


House and Senate Pass Compromise Bill 
Reagan Signs Economic Recovery Tax Act of 1981 


Notes: The event is the day of announcement publication in The Wall Street Journal. 


Row 3 of Table 4 presents for each industry 
the CAERs during the nine ERTA “event- 
windows.” In all industries the CAERs 
decline in absolute value relative to the con- 
tinuous February—August interval, implying 
excess returns outside the windows were gen- 
erally the same sign as within. However, 
within the windows there is less noise as 
evidenced by the decline in all industries of 
the implied standard deviation of excess re- 
turns (the ratio CAER /Z). The lack of sta- 
tistical significance is still evident in SICs 26 
and 30 but in SIC 20 the CAER of 2.25 
percent is statistically greater than zero (Z”° 
= 2.75) but not different from predicted (Z? 
= 0.5). 

The valuation model predicts differences 
between industries. The null hypothesis that 
the CAER in one industry equals the CAER 
in another is tested with the standard normal 
statistic 


Zz 





u 
SJ! 





N . 
2 ERL'’/ 
j=1 


NSi"- 


M / 
È ER: “ras / 


[(u-t+#1)(1/N4+1/M)|"”’. 


N and M are the number of securities in 


r 


industries n and m, respectively. The null 
hypothesis that the difference in CAERs be- 
tween two industries equals the predicted 
difference is tested with the standard normal 
statistic 


ZPn—m = [7"(1—-%AV"/CAER") 


— Z™(1—%AV"/CAER")| /2°°. 


Shareholders in SIC 20 outperform those in 
SIC 30 by 4.43 percent. That amount is 
statistically greater than zero (Z70-*° = 2.5) 
but indistinguishable from the predicted out- 
performance of 4.36 percent (Z:2°-3° = 0.2). 
Likewise, the actual difference of 4.24 per- 
cent between SICs 26 and 30 is significantly 
different from zero at the 10 percent level 
(Z76-30 =1.7) but not significantly different 
from predicted (Z7?7°-°° = 0.6). Between 
SICs 20 and 26 CAERs are indistinguish- 
able. 

The listings of CAERs by event are in 
Table 4. No single event has a statistically 
significant impact on all three industries. 
However, a preponderance of events have a 
positive impact in SIC 20 and negative im- 
pact in SIC 30. The results are not being 
fixed by a few key events. 

The analysis of stock returns data pro- 
vides moderate support for the predictions 
from the valuation model. During the con- 
tinuous February—August interval the per- 
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formance of each industry relative to the | 


market has the same sign as predicted but 
they are statistically indistinguishable. When 
the analysis is restricted to dates of impor- 
tant legislative action the results strengthen. 
In two of three interindustry comparisons 
the relative shareholder performance is sig- 
nificantly greater than zero but insignifi- 
cantly different than predicted. 


V. Concluding Remark and Summary 


Policymakers affect the allocation of 
` wealth and unanticipated policy changes re- 
distribute it. Sound public policy requires an 
awareness of who is receiving and who is 
paying for the free lunch ordered by the 
policymakers. This study presents and tests a 
fundamental valuation model for predicting 
the windfalls resulting from tax policy 
changes. 

The model is applied to estimate funda- 
mental values for the U.S. nonfinancial 
corporate sector and three manufacturing in- 
dustries. The ratios of year-end 1980 finan- 
cial market value to fundamental value 
equaled 0.81 for the NFC, 0.98 in the Food 
Products Industry, 1.09 in paper and Allied 
Products, and 0.75 in Stone, Clay, and Glass. 

Fundamental value changed because of 
the enactment of the Economic Recovery 
Tax Act of 1981. The largest effect was from 
the Accelerated Cost Recovery System be- 
cause new capital received preferential tax 
treatment and old capital lost value. A slight 
positive influence on fundamental value was 
the increasing demand for capital and rising 
interest rate—new capital was adversely af- 
fected and old capital benefited. On net, 
ERTA favored new capital and the funda- 
mental value of existing capital declined. 
The stock market at-large is estimated to 
have suffered a 6.1 percent windfall loss and 
in the different industries predicted losses 
range from 1.8 percent less to 2.6 percent 
more than market. 

Portfolios of common stocks were formed 
in the NFC and in separate industries and 


actual changes in shareholder wealth were | 


measured. When the analysis is restricted to 
dates of important legislative action ad- 
justments in shareholder wealth provide 
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moderate support for predictions from the 
valuation model. In two of three cases in- 
terindustry differences in shareholder returns 
are significantly greater than zero but in- 
significantly different than predicted. In the 
third case results are inconclusive. This study 
suggests that because of the enactment of 
ERTA shareholders in the Food Products 
and Paper Products Industries did better 
than those in Stone, Clay, and Glass, and 
the relative performance may have been a 
predictable outcome. 
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Third-Degree Price Discrimination, Welfare and Profits: 
A Geometrical Analysis 


By STEPHEN LAYSON* 


This note introduces a new geometrical 
method of measuring the welfare effects of 
third-degree price discrimination that builds 
on earlier work by Richard Schmalensee 
(1981). The geometrical technique presented 
here suggests a simple empirically useful for- 
mula for the calculation of the welfare ef- 
fects of third-degree price discrimination un- 
der linear demand. This geometrical tech- 
nique also demonstrates the special relation- 
ship between the welfare and profit effects of 
price discrimination under linear demand 


_ and in this regard corrects an error in Hal 


Varian (1985). 

Figure 1 illustrates the profit-maximizing 
solution for a monopolist that faces two 
independent linear demands. In Figure 1 the 
demand and marginal revenue curves for 
group 1 are drawn with respect to the left- 
hand side origin, O,, while the demand and 
marginal revenue curves for group 2 are 
drawn with respect to the right-hand side 
origin, O,. The width of Figure 1 represents 
the total profit-maximizing output under 
both price discrimination and simple mo- 
nopoly.! At this output level marginal cost is 


Under simple monopoly each group is 
charged a price per unit of P*. At this price 


_ group 1 purchases Qj and group 2 purchases 
_ Q3. In general the marginal revenues of sell- 


ing to the two groups will not be the same at 
the simple monopoly allocation. For exam- 
ple, in Figure 1, MR, > MR, at the simple 
monopoly allocation. Starting from this 
Situation the price-discriminating monopo- 


*Department of Economics, University of North 
Carolina at Greensboro, Greensboro, NC 27412. I wish 
to thank John P. Formby for stimulating my interest in 
this subject and for helpful comments. 

*See Joan Robinson (1933, p. 192) for a proof of this 
proposition. It is assumed in this note that both markets 
are served under simple monopoly. 





FIGURE 1 


list will increase sales to group 2 to Q4 and 
decrease sales to group 1 to Qf. At this 
allocation MR,=MR,= MC, and profits 
are maximized under price discrimination. 
The prices charged to groups 1 and 2 under 


price discrimination, are, respectively, P# 


113] 


and, P¥. | 
Because total output is the same under 
price discrimination and simple monopoly, 
the profit gain from price discrimination is 
the additional revenue from increased sales 
to group 2 minus the revenue foregone from 
reduced sales to group 1. In Figure 1 the 
shaded triangular area ABC represents the 
profit gain from price discrimination. The 
welfare loss from price discrimination in 
Figure 1 is represented by the shaded trian- 
gular area between the two demand curves 


ł 
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labeled DEF. This welfare loss stems from 
the transfer of AQ units from group 1, who 
values the good more highly, to group 2 who 
values the good less highly. 

Referring to Figure 1, the welfare loss 
triangle and the profit triangle have heights 
of equal length, AQ. The base of the profit 
triangle, however, is twice the base of the 
welfare loss triangle. The reason for this is 
that the slopes of the marginal revenue curves 
are twice the slopes of their respective de- 
mand curves. It follows that the area of the 
profit triangle is exactly twice the area of the 
welfare loss triangle. Varian’s (1985, p. 875) 
result that the welfare loss is equal to the 
profit gain in the linear demand case is in- 
correct.? 

The mathematical derivations of the profit 
gain and welfare loss from price discrimina- 
tion in the linear demand case are straight- 
forward and revealing. Let the demand 
curves be given by 


b;Q;; 


Assuming profit maximization and linear de- 
mands, it can be shown that the relationship 
between the profit change, Ar, and the 
welfare change, AW, from price discrimina- 
tion is given by* 


(1) P.=a,- a,,b,>0i=1,2. 


(2) AW=-1/2 Ar 


= — (a, — az)*/ [(8(b1 + b)]. 


The profit gain and the welfare loss are 
directly proportional to the squared dif- 
ference in the price intercepts of the demand 
curves and inversely proportional to the sum 
of the demand slopes. For the linear demand 
case we see from equation (2) that price 
discrimination is most harmful when it is 
most profitable, and hence most likely to be 
undertaken. An alternative empirically use- 


* The interested reader may wish to compare Figure 1 
in this note to the geometric treatment in Schmalensee 
(1981, p. 246). 

*His mathematical demonstration shows only that 
AW > — A for the linear demand case. 

“Derivations of equations (2) and (3) are available 
from the author on request. 
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ful formula for the welfare change suggested 
by the triangular measure in Figure 1 is 
—1/2(P? — P?)AQ. Solving for AQ in terms 
of observable variables under price dis- 
crimination yields equation (3): 


<a PYY 
[O¢( PZ - MC,) + 04( PZ — 


Note that calculation of the expression for 
the welfare change in equation (3) does not 
require that one observe the transition from 
simple monopoly to price discrimination. 
Data are required only on variables observed 
under price discrimination. Furthermore, 
equation (3) does not require that the de- 
mand curves be globally linear; it requires 
linearity only in the output range between 
simple monopoly and price discrimination. 
The validity of equation (3) like equation (2) 
discussed previously assumes profit maximi- 
zation, however. 

The geometrical technique presented in 
this note may also be used to measure the 
welfare effects of price discrimination when 
demands are nonlinear. When demands are 
nonlinear there are two welfare effects: (1) a 
welfare effect due to the transfer of sales 
from one group to the other, and (2) a 
welfare effect due to the net change in total 
output. For a discussion of the nonlinear 
case and other extensions, see my paper 
(1987). 


(3) AW=—{OfO3( Pi 


MG, )|. 
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Cooperative and Noncooperative R&D in 
-Duopoly with Spillovers _ 


By CLAUDE D’ASPREMONT AND ALEXIS JACQUEMIN* 


Contrary to the usual assumption made in 
most oligopoly models, relations among firms 
are seldom of a wholly cooperative or non- 
cooperative type: in many situations, they 
compete in some fields, while they cooperate 
in others. An important example is the case 
of cooperative research efforts bringing fierce 
competitors together. 

Two types of agreement are observed. First 
R&D cooperation can take place at the so- 
called “precompetitive stage”: companies 
share basic information and efforts in the 


“R&D stage but remain rivals in the market- 


place.? 

A second type of agreement involves an 
extended collusion between partners, creat- 
ing common policies at the product level. 
The usual justifications of this extension are 
the difficulties of protecting intellectual 
property. The idea is then to allow partners 
who have achieved inventions together, to 
also control together the processes and prod- 
ucts which embody the results of their col- 
laboration, in order to recuperate jointly their 
R&D investments.? 

What could be expected from these types 
of agreement is a reduction in R&D ex- 
penditures, because of less wasteful duplica- 


tion, and a reduction of total production, 


*Center for Operations Research & Econometrics, 
1348 Louvain-La-Neuve, Belgium. We are grateful to 
Jean Gabszewicz for his comments. Also the first author 
acknowledges suppert from the CIM, Belgium, and the 
hospitality of the Graduate School of Business, Stan- 
ford University. 

"A well-known example is the European Strategic 
Program for R&D in Information Technologies (ESP- 
RIT). The Microelectronics and Computer Technology 
Corporation (MCC) in the United States, and the Very 
Large-Scale Integration Program (VLSI) in Japan are 
other examples. 

*An illustration is given by the EUREKA project 
intended to undertake common European research with 
concrete objectives and leading to the joint exploitation 
of the results. 
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because of more monopoly power. Using a 
two-stage approach, this paper provides an 
example that does not fulfill these expecta- 
tions and that allows a social welfare com- 
parison between the corresponding games. 
An important factor in this analysis consists 
in the externalities or spillovers in R&D 
from one firm to another. 


I. The Example 


Consider an industry with two firms fac- 
ing an inverse demand function D~+(Q), 
where Q = g,+ q, is the total quantity pro- 
duced. Each firm has a cost of production 
C;(q;, X; x;) which. is a function of its own 
production, q; of the amount of research x, 
that it undertakes and the amount of re- 
search x, that its rival undertakes. Both D~’ 
and C are assumed linear, so that 


D-1=a-—b6bQO witha,b>O0O, and 
Ci des Xj %;) i [A - x; Bx,| di» 
i=1,2,i4j 


with 0<A<a, 0<f<1; x;+Bx,;< A; Q 
<a/b. 

The R&D externalities or spillovers imply 
that some benefits of each firm’s R&D flow 
without .payment to other firms. In our 
specification the external effect of firm j 
R&D is to lower firm i’s unit production 
cost.? The cost of R&D is assumed to be 


One interpretation is that successful inventions of 
rivals can be imitated at less cost to firm į than if it 
were to invent the new processes itself. See J. Hartwick 
(1984) who presents a static Cournot mode! with free 
entry and concludes that with R&D spillovers one can- 
not conclude that the corresponding equilibrium is as- 
sociated with excessive duplication as Dasgupta and 
Stiglitz (1980). 
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quadratic, reflecting the existence of di- 
minishing returns to R&D expenditures.* 

Firms’ strategies consist of a level of re- 
search and a subsequent production strategy 
based on their R&D choice. We shall now 
analyze three different games. 

1. In the first one, firms act noncooper- 
atively in both output and R&D. Consider 
the profit of firm i at the second stage, 
conditional on x, and x,: 


a; = [a- bO |q; 
ey 
Ae _ ae 
jJ+i, i=1,2. 


The Nash-Cournot equilibrium can be com- 
puted to be? 


(a— A) +(2—B)x,+(28 -1)x; 
ar | aa 


At the preceding stage, in which firms choose 
R&D levels, profits can be written as 


* l ? 
nit = 5, [(a— 4) +(2-B)x, +B- 


2 


Xi 12 
— y — +i, i=1,2. 
yy j+ii 


This integrates a triple influence of the R&D 
levels: via the outputs, the unit production 
cost, and the R&D costs themselves. 


fA valuable justification of this assumption is that 
“the technological possibilities linking R&D inputs and 
innovative outputs do not display any economies of 
scale with respect to the size of the firm in which R&D 
is undertaken” (Dasgupta, 1986, p. 523). 

>Notice that 


1 a 
+ —{2(a-—A)+4+2A)|<-—. 
qi szl (a ) ] b 
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There exists a unique (and symmetric) 
solution® satisfying ð r;*/3x; = 0, for which ° 


ee aC T 
i 45by—(2—B)Q+B) l 
2(a—-A) 2(B+1 
gta ar tar EA AE y 
B 2(a— A) 4.5by 


3b «| 4.5by —(2-B)(1+B) 


2. In the second game, we introduce 
cooperation in R&D, the second stage re- 
maining noncooperative. At the first stage 
the firms maximize the joint profits, as a 
function of x, and x,: 


F= oy * * 
T= + m 


= z È {[(e-4)+2- B) x, 


+(2p xP 1%}, j#i. 


Considering the symmetric solution x, =x, 
= $, we obtain’ the following unique solu- 
tion for the equilibrium with cooperation in 
R&D: 


pe, CEA . 
4.5by —(B +1)’ 
„a 2(a—A) 2(8+1) , 
et ape e 
_ 2(a— A) 4.5by. 
© 3b. | 4.5by—-(1 +8)? | 





°Second-order conditions require that 


2(2- 87 
9 





or 3(2— 8)? < by. 
7Second-order conditions require 2(1+ B)* < by. 
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These solutions correspond to an inter- 
nalization of the R&D external ‘effects 
through joint decision on the levels of RaD 
expenditures. Contrary to what could have 
been expected from possible reduction in the 
duplication of R&D, especially in the case of 
large spillovers, a comparison between £ and 
x* clearly indicates that for large spillovers, 
that is,’ 8 > 0.5, the level of R&D increases 
when firms cooperate in R&D, that is, 2> 
x*, In the same perspective, as shown by the 
respective values of Q and Q*, the amount 
of production is also higher with cooperation 
in R&D, than in the noncooperative situa- 
tion, that is, Q > O*. 

To the extent that profits are higher in the 
case of cooperative research than in the non- 
cooperative game? private incentives, inde- 
pendently of any public policy such as sub- 
sidies, can be sufficient to lead to such a 
cooperation. 

3. The third case deals with monopoly: 
Firms cooperate in both stages of the game. 
At the second stage, the joint profit condi- 
tional on x, and x, is given by 


m=[a-bQ]Q-AQ 
| 2 x? 
+ (x, + 8x2), + (x2 + 8x1) -Y 2 p 
i iol 


For x, = x, = x, the symmetric solution ĝ = 
Gz leads to? 


Q=q +q = [|(a—A)+(1+8)x]/2b. 


At the preceding stage, the joint profit be- 


comes 


_ lfa-A+(it+B)x]> , 
da 5 ae e Sa 


sindeed, if B+1>2—B, x*< È. 
Indeed the noncooperative choice could always be 
adopted by cooperating firms, if more profitable. 
19 Notice that 


ae | j _4 
g<s (a-A)+24] =~. 


D’ASPREMONT AND JACQUEMIN: DUOPOLY WITH SPILLOVERS L135 


The symmetric cooperative equilibrium in 
R&D and in production corresponds to the 
following unique solution! : 


__ (a-A)A+B) 

A E ee T a 
4by- (1+8) ’ 

~ (a-A) (1+B8) | 

er gg T 





a-A 4by 
2b | 4by—(1+B) | 


Here as expected, the collusive output, for a 
given level of R&D, is smaller than the non- 
cooperative one, but it is not necessarily so 
when the optimal amount of R&D is incor- 
porated.!* Similarly, the collusive amount of 
R&D varies with the value of 8 and is, for 
reasonably large spillovers, higher than in 
the fully noncooperative equilibrium.” Fur- 
thermore the amount of RaD in the case of 
collusion in both output and R&D is higher 
than in the case of pure R&D cooperation. 
This stems from the fact that less competi- 
tion in the product market allows the firms 
to capture more of the surplus created by 
their research and induce more R&D ex- 
penditures. But despite this larger amount of 
R&D, the quantity produced at the fully 


“According to the second-order conditions, 74/9? 
= (1+ B)?/2—2y <0 or (1+ B)*/4 < by. Also we con- 
sider here only the symmetric cooperative equilibrium. 
The producers could reach higher joint profits by having 
different R&D expenditures and only one firm produc- 
ing (the one with the lower unit cost). However, to 
consider this asymmetric cooperative solution would 
not affect our qualitative results. 

_ We have Q < Q* iff 58? +48 —1< 3by. For B =1, 
Q < Q* would require that by >4, which is more re- 
strictive than second-order conditions. 

13t appears that ¥<x* 


(1+8) (2+8) 
4by- (1+8) 4.5by—(2-8)(1 +8) 


B > 0.4. 
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cooperative equilibrium is less than with a 
cooperation limited to the R&D stage.'4 


Il. Welfare Conclusions 


Given this set of results, it is not a priori 
clear that, from a social welfare point of 
view, one type of behavior is more efficient 
than another. Indeed more cooperation could 
lead to higher profits but lower. consumer 
surplus. Less production could be com- 
pensated by more R&D. And a higher level 
of research could correspond to a wasteful 
duplication that ignores R&D externalities. 
In order to classify the solution obtained in 
the different situations, we need an efficiency 
standard. Let us define social welfare W(Q) 
as the sum of the consumer’s surplus V(Q) 
and the producer’s surplus (assuming x, = x, 
=x) 


W(Q) =V(Q)- AQ+ (1+ B) xO F yx’. 


Given x, the efficient output is the following 


ies 


Q=-—|la- pea. 


At the first stage social welfare is 


W** =V(Q)- AQ+(1+8)xQ- 


The efficient level of ~ satisfying the 
first-order conditions i 


(a—A)(1+8) 
2by —(B +1) 


* 


And finally the socially efficient amount of 
production incorporating the efficient level 


“Indeed O<O whenever by> (1+ B)*/3, a less 
restrictive condition than some of our second-order 
conditions. 

‘SThe second-order condition requires that [(1+ 


B)/2}° < by. 
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of research can be written as 
a-~A 1+8 
ee — of : x** 
b b 





a-Af. by a 
b | 2by—(1+ By | 
Therefore the solution obtained by maxi- 
mizing social welfare requires not only more 


production but also.a higher level of RaD 
than: what is obtained with any of the previ- 


_ ous noncooperative ang cooperative equi- 


libria. 
Indeed, x** > x*, since 
1+ 8 2-8 
-> . l 
2by-(1+ Bf)? 4.5by—(2—B)(1+B) 
and a p> 0". 


Similarly x** > X> <x and gosset 

This provides us with a convenient social 
efficiency standard to classify our various 
results. 

The clearest conclusion is that cooperation 
in R&D (but not in production) increases 
both expenditures in R&D and quantities of 
production, with respect to the noncooper- 
ative solution, that is, <>x* and O>Q*, 
whenever the spillover effect is large enough; 
otherwise it is the reverse. 

Further, considering separately produc- 
tion and R&D aspects, the cases of large and 
small spillovers should also be distinguished. 
For large spillovers, such that £ > 0.5, the 
amount of research which is the closest to 
the social optimum is the one achieved by 
firms’ cooperating in both output and re- 
search, and the most distant, the one ob- 
tained by noncooperative behavior. The 
complete classification is the following 


idle ee oe ea 


Concerning the quantity of production, the 
closest to the social optimum is what is 
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produced by firms’ cooperating at the “pre- 
competitive stage,” that 1s, in research. The 
classification is then 


Q** > Q>Q*>9O. 


For small spillovers, such that B < 0.4, the 
classifications are different but the “second- 
best” for R&D is still obtained by a cooper- 
ative behavior in both stages.!® 

To conclude our example has shown that 
cooperative behavior can play a positive role 
in industries having a few firms and char- 
acterized by R&D activities generating spill- 
over effects. This is in line with the per- 
missive American and European antitrust 
regulations allowing cooperative research 
whereby member firms agree to share the 
costs and the results of a research project." 
' However, in order to compute explicitly 
and to classify our various types of subgame- 
perfect solutions, our analysis has been very 
partial and based on a model ignoring many 
crucial aspects of R&D activities.)® 


1éThe classifications are then x** > ¥>x*> $; Q** 
>0*>0>Q. 

Policy questions are analyzed in A. Jacquemin 
(1987, 1988). 

Eor a broader analysis, see M. Katz (1986). An 
overview of the main aspects of R&D activities and 
innovations is to be found in S. Davies (1979) and M. 
Spence (1986). Multinational aspects are considered in 
R. De Bondt et al. (1988). 
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Productivity Growth, Convergence, and Welfare: Comment 


By J. BRADFORD DE LONG* 


Economists have always expected the 
“convergence” of national productivity lev- 
els. The theoretical logic behind this belief is 
powerful. The per capita income edge of the 
West is based on its application of the 
storehouse -of industrial and administrative 
technology of the Industrial Revolution. This 
storehouse is open: modern technology is a 
public good. The benefits of tapping this 
storehouse are great, and so nations will 
strain every nerve to assimilate modern tech- 
nology and their incomes will converge to 
those of industrial nations. 

William Baumol (1986) argues that con- 
vergence has shown itself strongly in the 
growth of industrial nations since 1870.1 
According to Baumol, those nations posi- 
tioned to industrialize are much closer to- 
gether in productivity now than a century 
ago. He bases this conclusion on a regression 
of growth since 1870 on 1870 productivity 
for sixteen countries covered by Angus Mad- 
dison (1982).? 


*Harvard University, Cambridge, MA 02138, and 
National Bureau of Economic Research. I would like to 
thank Moses Abramovitz, Paul David, Christina Romer, 
David Romer, Paul Romer, Peter Temin, Robert Wald- 
mann, Jeffrey Williamson, and especially William 
Baumol for helpful comments. 

‘Consider Baumol (1986): “Among the main ob- 
servations...is the remarkable convergence... .[T]here 
is a strong inverse correlation between a country’s pro- 
ductivity...in 1870 and its...productivity growth since 
then,” and Baumol (1987): “Even more remarkable...is 
the convergence in...living standards of the leading 
industrial countries... .In 1870... productivity in 
Australia, the leader, was 8 times...Japan’s (the lag- 
gard). By 1979, the ratio...had fallen to about two.’ 

*Moses Abramovitz (1986) follows the behavior of 
these sixteen over time and notes that even among these 
nations “convergence” is almost entirely a post-World 
War II phenomenon. Abramovitz’ remarks on how the 
absence of the “social capability” to grasp the benefits 
of the Industrial Revolution may prevent even nations 
that could benefit greatly from industrializing are well 
worth reading. Also very good on the possible determi- 
nants of the social capability to assimilate technology 
are Irma Adelman and Cynthia Taft Morris (1980), 
Gregory Clark (1987), and Richard Easterlin (1981). 
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Baumol’s finding of convergence might-— 
even though Baumol himself does not be- 
lieve that it should—naturally be read to 
support two further conclusions. First, slow 
relative growth in the United States since 
World War II was inevitable: convergence 
implies that in the long run divergent na- 
tional cultures, institutions, or policies can- 
not sustain significant productivity edges 
over the rest of the developed world.’ Sec- 
ond, one can be optimistic about future de- 
velopment. Maddison’s sixteen all assimi- 
lated modern technology and converged: 
perhaps all developing nations will converge 
to Western living standards once they acquire 
a foundation of technological literacy.‘ . 

But when properly interpreted Baumol’s 
finding is less informative than one might 
think. For Baumol’s regression uses an 
ex post sample of countries that are now rich 
and have successfully developed. By Maddi- 
son’s choice, those nations that have not 
converged are excluded from his sample be- 
cause of their resulting present relative 


“Baumol (1987): “America’s [post World World IN 
lag in productivity growth...is very real.... But we can 
see this in new perspective as a necessary consequence 
of convergence.” Baumol (1986): “The convergence of 
productivity levels in industrial nations inevitably con- 
demned those with high 1870 productivity levels to 
relatively slow productivity growth since then.” 

Nineteenth century economists like John Stuart Mill 
[1848] (1970) and Karl Marx [1853] (1973) were ex- 
tremely optimistic about future convergence. Twentieth 
century economic historians like Alexander Gerschenk- 
ron (1962) stress the extremely rapid growth possible 
for a latecomer to development, which can accomplish 
in one generation what: took earlier developers four. 
Baumol (1986) is not so optimistic and so does not draw 
out this second implication. After examining post-World 
War II data, he writes that “the poorer less developed 
countries are still largely barred from the homogeniza- 
tion process.... [P]art of the explanation may well be 
related to produce mix and education. A less developed 
country that produces no cars cannot benefit from the 
invention...of a better car producing robot...[or] from 
the factor-price equalization effects of the accompany- 
ing investments.” 
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TABLE 1— REGRESSIONS USING MADDISON’S SIXTEEN 


Independent Dependent 
Variable Variable 
Natural Log of Annual Percent 

1870 Productivity Productivity Growth 
Natural Log of Log Difference of 1979 
1870 Income and 1870 Income 


Source: Data from Maddison (1982). 


poverty. Convergence is thus all but guaran- 
teed in Baumol’s regression, which tells us 
little about the strength of the forces making 
for convergence among nations that in 1870 
belonged to what Baumol calls the “conver- 
gence club.” 

Only a regression run on an ex ante sam- 
ple, a sample not of nations that have con- 
verged but of nations that seemed in 1870 
likely to converge, can tell us whether growth 
since 1870 exhibits “convergence.” The an- 
swer to this ex ante question—have those 
nations that a century ago appeared well 
placed to apprcpriate and utilize industrial 
technology converged?—is no. An unbiased 
sample of nations relatively rich, well-in- 
tegrated into the world economy, and thus 
well-positioned to utilize modern technology 
as of 1870 have not converged.” 

Maddison (1982) compiles long-run na- 
tional income and aggregate productivity 
data for sixteen successful capitalist nations. 
Because he focuses on nations which (a) 
have a rich data base for the construction of 
historical national accounts and (b) have 
successfully developed, the nations in Mad- 
dison’s sixteen are among the richest nations 


+Baumol accepts the validity of this basic criticism of 
Baumol (1986). Baumol and Edward Wolff (1988) and 
Wolff (1988) show that one can find a small number n 
so that an ex ante sample of the richest n nations does 
exhibit convergence. More striking is their documenta- 
tion of strong convergence among European nations 
since 1950. Poor European nations have grown much 
faster than middle-income Latin American nations. — 
Maddison’s focus on nations that have been eco- 
nomically successful is deliberate; his aim in (1964), 
(1982), and (1987) is to investigate the features of 
successful capitalist development. In works like Maddi- 
son (1970, 1983) he has analyzed the long-run growth 
and development of less successful nations. 


Constant Coefficient 


Slope Standard Error 
of Estimate R? 


5.251 — 0.749 14 .87 
075 

8.457 — 9.995 AS .88 
094 


in the world today. Baumol regresses the 
average rate of annual labor productivity 
growth over 1870-1979 on a constant and 
on the log of labor productivity in 1870 for 
this sample. He finds the inverse relationship 
of the first line of Table 1. The slope is large 
enough to erase by 1979 almost all initial 
income gaps, and the residual variance is 
small. 

Regressing the log difference in per capita 
income between 1870 and 1979 on a con- 
stant and the log of per capita income in 
1870 provides a slightly stronger case for 
convergence, as detailed in the second line of 
Table 1 and in Figure 1. The logarithmic 
income specification offers two advantages. 
The slope has the intuitive interpretation 
that a value of minus one means that 1979 
and 1870 relative incomes are uncorrelated, 
and extension of the sample to include ad- 
ditional nations becomes easier. 

Baumol’s regression line tells us little about 
the strength of forces making for conver- 
gence since 1870 among industrial nations. 
The sample suffers from selection bias, and 
the independent variable is unavoidably 
measured with error. Both of these create the 
appearance of convergence whether or not it 
exists in reality. Sample selection bias arises 
because any nations relatively rich in 1870 
that have not converged fail to make it into 
Maddison’s sixteen. Maddison’s sixteen thus 
include Norway but not Spain, Canada but 
not Argentina, and Italy but not Ireland. 

A fair test of convergence requires not an 
ex post sample of countries that have con- 
verged but an ex ante sample of countries 
that in 1870 looked likely to converge. More- 
over, least squares is not a satisfactory es- 
timation technique because of errors in 
measuring 1870 incomes. Such errors induce 
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Log Per Capita Income in 1870 


FIGURE 1. Per CAPITA GNP REGRESSION FOR MADDISON’'S SIXTEEN 


opposite errors in 1870-1979 growth and 
bias the regression slope toward —1. As 
Baumol notes, such errors can produce the 
illusion of an inverse relationship between 
income in 1870 and growth since. 

The unbiased sample used here meets three 
criteria. First, it is made up of nations that 
had high potential for economic growth as of 
1870, in which modern economic growth had 
begun to take hold by the middle of the 
nineteenth century. Second, inclusion in the 
sample is not conditional on subsequent 
rapid growth. Third, the sample matches 
Baumol’s as closely as possible, both because 
the best data exist for Maddison’s sixteen 
and because analyzing an unbiased sample 
close to Baumol’s shows that different con- 
clusions arise not from different estimates 
but from removing sample selection and er- 
rors in variables’ biases. 

Per capita income in 1870 is an obvious 
measure of whether a nation was sufficiently 
technologically literate and integrated into 
world trade in 1870 to be counted among the 
potential convergers. Nations with high in- 
comes in 1870 were nations with the material 
and human resources to industrialize. Mod- 
ern economic growth had already pushed 
real incomes far above the levels of the pre- 
industrial world. And such a sample does 
not exclude nations which had good in- 


dustrialization prospects in 1870 that have 
not since fulfilled their potential.’ 

The construction of this sample requires 
judgment. Per capiia income in 1870 must be 
estimated for nations in the extended sample 
but not in Maddison’s sixteen. The estima- 
tion of 1870 income:is discussed in the Ap- 
pendix. Changes in national boundaries 
must be dealt with;. this paper uses modern 
boundaries throughout. The level of 1870 
income to serve as a cutoff for inclusion in 
the sample must be set. The choice of cutoff 
level itself requires balancing three goals: 
including only nations which really did in 


7 l 

Alternative measures of prospects for development 
in 1870, such as per capita industrial production or the 
proportion of the labor force in agriculture, would serve 
as well but would make little quantitative difference. 
The correlations for the sample of Maddison’s sixteen 
between 1870 per capita GNP and 1870 labor produc- 
tivity and share of the labor force in agriculture are .98 
and .84, respectively. 

The estimates of 1870 per capita income arrived at 
in the Appendix are not precise enough to be used for 
assessing the history and development of any individual 
country. They do, however, serve adequately as the raw 
material for a comparative exercise like that carried out 
here in which explicit econometric correction is made 
for errors in variables and in which errors in measuring 
nineteenth century per capita income for any one nation 
can have only a limited effect. 


VOL. 78 NO. 5 


Spain,+ 
Ireland+ 


1870-1979 


Chile+ 


Log Per Capita Income Growth 


6 6.2 6.4 6.6 


_ East Germany? 


Portugal + 
Argentina 





DE LONG: PRODUCTIVITY GROWTH = IM 


*New Zealand 


6.8 7 72 74 76 


Log Per-Capita Income in 1870 — 


FIGURE 2. 1870 PER CAPITA INCOME AND SUBSEQUENT GROWTH FOR THE 
~ ONCE-RICH TWENTY-TWO 


1870 possess the social capability for rapid 
industrialization; including as many nations 
| in Baumol’s sample‘as possible; and building 
as large a sample as possible. 

One cannot proceed by pursuing this last 
goal at the expense of the others: one should 
not form a regression sample by including 
all nations for which 1870 income estimates 
can be generated. Few would argue that the 
failure of, say, India to converge is evidence 
against the convergence hypothesis. Even if 
nations that were not seen as having high 
growth potential are removed, an all-inclu- 
sive sample suffers from selection bias. 
Long-run national accounts are luxuries. Na- 
tions likely to have the historians and archi- 
ves necessary to construct such accounts are 
nations that have converged. 

If the convergence club membership cutoff 
is set low enough to include all Maddison’s 
sixteen, then nations with 1870 incomes 
above 300 1975 dollars are included. This 
sample covers half the world. All Europe 
including Russia, all of South America, and 
perhaps others (Mexico and Cuba?) were 
richer than Japan in 1870. This sample does 
not provide a fair test of convergence. The 
Japanese miracle is a miracle largely because 
there was little sign in 1870 that Japan—or 
any nation as poor as Japan—was a candi- 
date for rapid industrialization. 


The second poorest of Maddison’s sixteen 
in 1870 was Finland. Taking Finland’s 1870 
income as a cutoff leads to a sample in 
which Japan is removed, while Argentina, 
Chile, East Germany,’ Ireland, New Zea- 
land, Portugal, and Spain are added. Growth 
and initial per capita income levels for this 
resulting “once-rich twenty-two” sample are 
plotted in Figure 2.1° 


Perhaps only nations that have remained capitalist 
should be included in the sample, for occupation by the 
Red Army and subsequent relative economic stagnation 
has no bearing on whether the forces making for con- 
vergence among industrial capitalist economies are 
strong. There is only one centrally planned economy in 
the unbiased sample, and its removal has negligible 
quantitative effects on the estimated degree of conver- 
gence. 

‘CA strong case can be made for including Czech- 
oslovakia and Hungary in this extended sample even 
though estimates of their 1870 per capita GNP fall just 
below that of Finland. Bohemia was industrializing at a 
pace equal to that of Austria (see Ivan Berend and 
Gyöigy Ránki, 1974, David Good, 1984, 1986, and 
Nachum Gross, 1973). William Ashworth (1977) and 
John Komlos (1983) believe respectively that the areas 
that were to become Czechoslovakia and Hungary grew 
faster than the area around Vienna over 1870 and 1914. 
It is this rapid growth that, combined with Bairoch’s 
(1981) estimate of the relative income gap between 
Austria on the one hand and Czechoslovakia and 
Hungary on the other, places their estimated 1870 per 
capita income below Finland’s and so leads to their 
exclusion from the sample. 
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All the additional nations have strong 
claims to belong to the 1870 convergence 
club. All were well integrated into the 
Europe-based international economy. All 
had bright development prospects as of 1870. 
Saxony-Silesia was not much inferior to the 
Ruhr in industrialization.!! Argentina, Chile, 
and New Zealand were grouped in the nine- 
teenth century with Australia and Canada as 
countries with temperate climates, richly en- 
dowed with natural resources, attracting 
large-scale immigration and investment, and 
exporting large quantities of raw and proc- 
essed agricultural commodities. They were 
all seen as natural candidates for the next 
wave of industrialization.” 

Ireland’s economy was closely integrated 
with the most industrialized economy in the 
world. Spain and Portugal had been the 
technological leaders of Europe during the 
initial centuries of overseas expansion— their 
per capita incomes were still above the 
European mean in the 1830s (Paul Bairoch, 
1981)— and had retained close trading links 
with the heart of industrial Europe. Coke 
was used to smelt iron in Asturias in the 
1850s, and by 1877 3,950 miles of railroad 
had been built in Spain. It is difficult to see 
how one could exclude Portugal and Spain 
from the convergence club without also ex- 
cluding nations like Sweden and Finland.” 

Baumol’s sample failed to include those 
nations that should have belonged to any 
hypothetical convergence club but that nev- 
ertheless did not converge. The enlarged 
sample might include nations not in the 1870 
convergence club. Consider Kuwait today: 
Kuwait is rich, yet few would take its failure 
to maintain its relative standard of living 


“In fact, Saxony was more industrialized than the 
Ruhr until a surprisingly late data. By 1850 Saxony 
exported textiles, textile machinery, steam engines, and 
locomotives. Even in 1925 Saxony was still more densely 
settled than any country in the world. See Sidney Pol- 
lard (1981). 

The first essay of Carlos Diaz-Alejandro (1970) is 
very instructive. It attempts to recall the days before 
1930 when Argentina would have indisputably been 
considered part of the first world. This point is also 
made by W. Arthur Lewis (1978). 

See Pollard (1981). Pollard makes the parallel be- 
tween the situations of Iberia and Scandinavia explicit. 
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over the next fifty years as evidence against 
convergence. For Kuwait’s present wealth 
does not necessarily carry with it the institu- 
tional capability to turn oil wealth into next 
generation’s industrial wealth. 

No nation in the once-rich twenty-two is 
in the same class as Kuwait.!* The prosper- 
ity of the temperate settler colonies— 
Argentina, Chile, and New Zealand—was 
built on European capital, labor, and skills 
at least as much as on natural resources. 
And the economic links from East Germany, 
Ireland, Portugal, and Spain on the one hand 
to the world’s industrial core on the other 
were all strong enough in 1870 to make them 
natural candidates for rapid industrializa- 
tion. 

The volume of overseas investment poured 
into the additional nations by investors from 
London and Paris between 1870 and 1913 
tells us that investors thought these nation’s 
development prospects good. Herbert Feis’ 
(1930)? standard estimates of French and 
British overseas investment show the six 
non-European nations among the top tent 


Except possibly for Australia. Maddison’s estimate 
of Australian 1870 per capita income places Australia 
43 percent higher than the next most prosperous nation, 
Britain. Yet Australia did not have the most technologi- 
cally sophisticated economy in the world in 1870. 
Australia’s prosperity was built on its abundant and 
fertile land and the European demand for sheep, just as 
Kuwait’s prosperity today is built on the European 
demand for oil. Should the failure of Australia to main- 
tain its 50 percent per capita income edge over the 
cluster of next most prosperous nations count as strong 
evidence for convergence? I would suspect not, yet in 
the regressions Australia delivers the strongest single’ 
impact in favor of convergence of any. nation. In the 
text, Australia is kept in the once-rich twenty-two sam- 
ple in order to avoid the suspicion of ex post sample 
reselection. The Appendix considers the effect of remov- 
ing Australia from the sample. 

15Which still remains the standard source on over- 
seas investment. See Michael Edelstein (1982). The only 
major point possibly at.issue is whether the London 
capital market channeled just British or a much wider 
pool of savings into international investments. 

The foreign investment figures do provide a power- 
ful argument for adding other Latin American nations 
— Mexico, Brazil, and Cuba—to the sample of those 
that ought to have been in the convergence club. Inclu- 
sion of these nations would weigh heavily against con- 
vergence. 
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TABLE 2—-TOP TEN RECIPIENTS OF BRITISH AND 
FRENCH? OVERSEAS INVESTMENT PER CAPITA AS OF 1913 


Belongs to 

Pounds Once-Rich 

Invested Twenty-Two 
Nation _ Per Capita Sample? 
Canada 86 Yes 
Australia 57 Yes 
New Zealand? l 57 Yes 
Argentina 54 Yes 
South Africa 27 No 
Chile 26 Yes 
Cuba 17 No 
Mexico 10 No 
Brazil 8 No 
United States 8 Yes 


“French investments in Latin America allocated to 
nations in the same proportions as British investments. 
Not distinguished from Australia. 
Note: Investment estimates from Feis (1930). Popula- 
tion estimates from Mitchell (1975). 


recipients of investment per capita from 
France and Britain, and four of the five top 
recipients of investment belong to the once- 
rich twenty-two.’ Every pound or franc in- 
vested is an explicit bet that the recipient 
country’s rate of profit will remain high and 
an implicit bet that its rate of economic 
growth will be rapid. The coincidence of the 
nations added on a per capita income basis 
and the nations that would have been added 
on a foreign investment basis is powerful 
evidence that these nations do belong in the 
potential convergence club.'® 


Japan would not merit inclusion in the 1870 con- 
vergence club on the basis of foreign investment before 
World War I, for Japanese industrialization was not 
financed by British capital. Foreign investors’ taste for 
Japan was much less, investment being equal to about 
one pound sterling per head and far below investment 
in such nations as Venezuela, Russia, Turkey, and Egypt. 
Admittedly, Japan was far away and not well known. 
But who would have predicted that Japan would have 
five times the measured per capita GNP of Argentina 
by | 1979? 

"8 European outmigration was also overwhelmingly 
directed to nations in the once-rich twenty-two. Be- 
tween 1860 and 1920, some 25 million (gross) departed 
Europe for the United States, some 5 million each for 
Canada and Argentina, more than 4 million for Australia 
and New Zealand, and more than 3 million for Brazil. 
See Ashworth (1987). 
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Errors in estimating 1870 income are un- 
avoidable and produce equal and opposite 
errors in 1870-1979 growth. These errors 
therefore create the appearance of conver- 
gence where it does not exist in reality.!? If 
1870 income is measured with error, the 
appropriate regression model is not 


(1) (1979 Income) — (1870 Income) 
= a + B(1870 Income) + e;, 


where e; is a random error, but | 
(2) (1979 Income) — (True 1870 Income) 
= a + (True 1870 Income) + e; 
(3) (Estimated 1870 Income) 
= (True 1870 Income) + 7,, 


where n; is a second random error and where 
true 1870 per capita income is not observed. 
The system composed of (2) and (3) is not 
identified under standard assumptions unless 
instruments are available. In this case instru- 
ments cannot be found: a variable correlated 
with 1870 income is one of the sources used 
to construct the estimates of 1870 income. 
The model is identified if one assumes 
that the errors e and y are uncorrelated and 
fixes a value for the ratio of the error vari- 
ances p (Edmond Malinvaud, 1966)” 


(4) 


Ry contrast, errors in measuring 1979 per capita 
income induce no systematic bias in the relationship 
between standard of living in 1870 and growth since, 
although they do diminish the precision of coefficient 
estimates. 

° Letting y; represent the log of estimated initial 
1870 income, x; represent the log of true initial 1870 
income, and g, represent estimated growth, the maxi- 
mum likelihood estimates of “true” 1870 per capita 
income %, and of the slope coefficient f solve the 
system 


(1+ p+pB) y, +p(1+ Ê) g; 


O d 
Ete) _ 
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FIGURE 3. MAXIMUM LIKELIHOOD ESTIMATION FOR THE ONCE-RICH 
TWENTY-Two, 1870-1979 


TABLE 3— MAXIMUM LIKELIHOOD ESTIMATION 
FOR THE ONCE-RICH TWENTY-TWo, 1870-1979 


( Standard 


Standard Standard Error 
Slope Error Error in 1870- 
p Coefficient 8 of Slope of Regression PCI 
0.0 — 566 144 .207 D 
0.5 — 292 .192 .192 136 
1.0 0.110 .283 .170 170 
2.0 0.669 .463 .134 190 


ore) 1.381 760 0 196 


Note: Data from Maddison (1982) and as described 
in the Appendix. 


. A reasonable central value to fix for p is 
one, which implies that measurement error 
in 1870 income is equal in size to the regres- 
sion disturbance. This if anything over- 
estimates the precision of 1870 income 
estimates. Any believer in convergence is, 
moreover, committed to the position that p 
is large, for convergence requires not only a 
negative slope £ but also a small variance of 
the regression disturbance e. Nations have 
not converged if the spread of their relative 
incomes remains large, even if leaders now 
were followers a century ago. 


Taking. p equal to one as a central case is 
far more reasonable‘than the- implicit fixing 
of p equal to zero of ordinary least squares. 
In Table 3 and Figure 3 results are reported 
for Baumol’s regression, using the once- 
rich twenty-two sample over the period 
1870-1979, for p equal to zero,” to one-half, 
to one (the central case), to two, and to 
infinity.” Reporting, results.for this range of 
p values summarizes how beliefs about data 
quality map into conclusions about conver- 
gence. 

From one point of view, the relatively 
poor quality of much of the nineteenth cen- 
tury data is not a severe liability for this 
paper. Only if there is less measurement 
error than allowed for will the results be 
biased against convergence. A more direct 
check on the importance of measurement 
error can be performed by examining con- 
vergence starting at some later data for which 
income estimates are based on a firmer 


*I The ordinary least squares regression case in which 
measurement error in the independent variable is as- 
sumed nonexistent. l 

This corresponds to the inverse regression in which 
ordinary least squares is used but the roles of dependent 
and independent variables are switched. 
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FIGURE 4. MAXIMUM LIKELIHOOD ESTIMATION FOR THE ONCE-RICH 
TWENTY-TWO, 1913-1979 , 


| foundation. A natural such data is 1913.” 
The relationship between initial income and 
subsequent growth is examined for the period 
1913-1979 in Table 4 and Figure 4. 

The longer 1870-1979 sample of Table 3 
and Figure 3 is slightly more hospitable to 
convergence than is the 1913-1979 sample, 
but for neither sample do the regression lines 
reveal a significant inverse relationship be- 
tween initial income and subsequent growth. 
When it is assumed that there is no measure- 


‘ment error in 1870 income, there is a large 


negative slope to the regression line. But 
even. in this case the residual disturbance 
term is large. When measurement error vari- 


The data for 1913 are much more plentiful and 
solid than for other years in the early years of the 
twentieth century tecause of the concentration of 
historians’ efforts on obtaining a pre-World War I 
benchmark. Beginning the sample at 1913 does mean 
that changes in country’s “social capability” for devel- 
opment as a result of World War I appear in the error 
term in the regression. If those nations that suffered 
most badly in World War I were nations relatively poor 
in World War I, there would be cause for alarm that the 
choice of 1913 had biased the sample against finding 
convergence when it was really present. But the major 
battlefields of World War I lay in and the largest 
proportional casualties were suffered by relatively rich 
nations at the core of industrial Europe.’ 


TABLE 4—~- MAXIMUM LIKELIHOOD ESTIMATION 
FOR THE ONCE-RICH TWENTY-TWo, 1913-1979 


Standard 
Standard Standard Error 
Slope Error Error in 1870 

p Coefficient 8 of Slope of Regression PCI 
0.0 = 333 116 A171 0 
0.5 — .140 136 .151 ` .107 
1.0 0.021 .158 .133 .133 
2.0 0.206 191 - ~~ .106 150 


00 0.444 238 0 167 


Note: Data from Maddison (1982) and as described in 
the Appendix. 


ance is assumed equal to half disturbance 
variance, the slope is sienny but not signifi- 
cantly negative. 

For the central case of equal variances, 
growth since 1870 is unrelated to income in 
1870. There is no convergence. Those coun- 
tries with income edges, have on average 
maintained them. If measurement error is 
assumed larger than the regression dis- 
turbance there is not convergence but diver- 
gence. Nations rich in 1870 or 1913 have 
subsequently widened relative income gaps. 
The evidence can be presented in other ways. 
The standard deviations of log income are 
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TABLE 5—STANDARD DEVIATIONS OF LOG 
OUTPUT FOR MADDISON’S SIXTEEN AND THE 
ONCE-RICH TWENTY-TWO 


Sample 1870 1913 1979 
Maddison’s 16 411 355 145 


Once-Rich 22 315 324 329 


Note: Data from Maddison (1982) and as described in 
the Appendix. 


given in Table 5. Maddison’s sixteen do con- 
verge: the standard deviation of log income 
in 1979 is only 35 percent of its 1870 value. 
But the appearance of convergence is due to 
selection bias: the once-rich twenty-two have 
as wide a spread of relative incomes today as 
in 1870. 

The failure of convergence to emerge for 
nations rich in 1870 is due to the nations 
—Chile, Argentina, Spain, and Portugal—in 
the bottom left corner of Figures 2 through 
4. In the early 1970s none of these was a 
democracy. Perhaps only industrial nations 
with democratic political systems converge. 
A dummy variable for democracy over 
1950-80 is significant in the central (p =1) 
case in the once-rich twenty-two regression 
in a at the 1 percent level, as detailed in 
Table 6. 

But whether a nation is a democracy over 
1950—80 is not exogenous but is partly de- 
termined by growth over the preceding cen- 
tury. As of 1870 it was not at all clear which 
nations would become stable democracies. 
Of the once-rich twenty-two, France, Austria 
(including Czechoslovakia), and Germany 
were empires; Britain had a restricted fran- 
chise; Spain and Portugal were semiconstitu- 
tional monarchies; the United States had 
just undergone a civil war; and Ireland was 
under foreign occupation. That all of these 
countries would be stable democracies by 
1950 seems ex ante unlikely. Table 7 shows 
that shifting to an ex ante measure of de- 
mocracy”* removes the correlation. Whether 
a nation’s politics are democratic in 1870 has 
little to do with growth since. The elective 


24 Defined as inclusion in the electorate of more than 
half the adult male population. 
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affinity of democracy and opulence is not 
one way with democracy as cause and opu- 
lence as effect. 

There is one striking -ex-ante association 
between growth over 1870-1979 and a pre- 
determined variable: a nation’s dominant re- 
ligious establishment. As Table 8 shows, a 
religious establishment variable that is one 
for Protestant, one-half for mixed, and zero 
for Catholic nations is significantly corre- 
lated with growth as long as measurement 
error variance is not too high.” 

This regression is very difficult to inter- 
pret.’ It does serve as an example of how 


4 


*°The once-rich twenty-two are split into nations 
that had Protestant religious establishments in 1870 
(Australia, Denmark, Finland, E. Germany, Nether- 
lands, New Zealand, Norway, Sweden, U.K., and United 
States), intermediate nations—nations that either were 
split in established religion in 1870 or that had under- 
gone violent and prolonged religious wars between 
Protestants and Catholics in the centuries after the 
Protestant Reformation—(Belgium, Canada, France, 
West Germany, and Switzerland), and nations that had 
solid Catholic religious establishments in 1870 
(Argentina, Austria, Chile, Ireland, Italy, Portugal, and 
Spain). This classification is judgmental and a matter of 
taste: are the Netherlands one of the heartlands of the 
Protestant Ethic or are they one of the few nations 
tolerant and pluralistic on matters of religion in the 
seventeenth century? 

“6 The easy explanation would begin with the 
medieval maxim hemo mercator vix aut numquam placere 
potest’ Deo: the merchant’s business can never. please 
God. Medieval religious discipline was hostile to market 
capitalism, the Protestant Reformation broke this disci- 
pline down in some places, and capitalism flourished 
most and modern economic growth took hold strongest 
where this breakdown of medieval discipline had been 
most complete. 

But this easy explanation is at best incomplete. Ini- 
tially the Reformation did not see a relaxation of reli- 
gious control. Strong Protestantism—Calvin’s Geneva 
or Cromwell’s Republic of the Saints—saw theology 
and economy closely linked in a manner not unlike the 
Ayatollah’s Iran. And religious fanaticism is not often 
thought of as a source of economic growth. 

Nevertheless the disapproval of self-interested profit 
seeking by radical Protestantism went hand-in-hand 
with seventeenth century economic development. And 
by 1800 profit seeking and accumulation for accumula- 
tion’s sake had become morally praiseworthy activities 
in many nations with Protestant religious establish- 
ments. How was the original Protestant disapproval for 
the market transformed? Accounting for the evolution 
of the economic ethic of the Protestant West from Jean 
Calvin to Cotton Mather to Benjamin Franklin to 
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TABLE 6— DEMOCRACY OVER 1950-1980 AND LONG-RUN GROWTH 
FOR THE ONCE-RICH TWENTY-TWO, 1870-1979 


= 


E Standard Coefficient on Standard Standard 
=° Slope Error -© Democracy Standard Error in Error 
p Coefficient 8 of Slope Variable Error 1870 PCI of Regression 
0.0 —.817 277 495 .085 155 0 
0.5 —.744 .203 .476 .084 154 .109 
1.0 —.599 .208 437 .090 .150 150 
2.0 0.104 227 .248 O71 131 185 


00 1.137 019 044 003 0 198 
Note: Data from Maddison (1982) and as described in the Appendix. 


TABLE 7 —- DEMOCRACY IN 1870 AND LONG-RUN GROWTH FOR 
THE ONCE-RICH TWENTY-TWO, 1870-1979 


Standard 


Standard Coefficient on Standard 
Slope Error Democracy Standard Error in Error 
p Coefficient 8 of Slope Variable Error 1870 PCI of Regression 
0.0 — 567 .342 O01 O91 .207 0 
0.5 — 272 .322 — 038 094 192 136 
1.0 0.164 454 — 095 115 169 169 
- 2.0 0.742 976 —~ 170 .180 131 155 
00 1.231 167 ~- 195 .022 0 194 


Note: Data from Maddison (1982) and as described in the Appendix. 


TABLE 8— DOMINANT RELIGION IN 1870 AND LONG-RUN GROWTH 
FOR THE ONCE-RICH TWENTY-TWO, 1870-1979 


Standard Coefficient on Standard Standard 
Slope Error Religion Standard Error in Error 
p Coefficient 8 of Slope Variable .. Error 1870 PCI of Regression 
0.0 — .789 252 429 088 166 <0 
0.5 — .688 .225 403 088 164 116 
1.0 — 470 248 347 098 158 .158 
2.0 0.375 .232 .132 061 132 187 
o0 1.199 .021 ~~ 003 004 0 197 


Note: Data from Maddison (1982) and as described in the Appendix. 


culture may be associated with substan- name three. Almost any view—except a be- 


tial divergence in growth performance. But 
“Protestantism” is correlated with many 
things—early specialization in manufactur- 
ing (for a given level of income), a high 
investment ratio, and a northern latitude, to 


Andrew Carnegie is a deep puzzle in economic history. 
The best analysis may still be the psychological account 
given by Max Weber (1958). Originally published in 
1905. 


lief in convergence—of what determines 
long-run growth is consistent with this corre- 
lation between growth and religious estab- 
lishment. Moreover, this correlation will not 
last: neither fast grower Japan nor fast 
grower Italy owes anything to the Protestant 
ethic.” The main message of Table 8 is that, 


l “But see Michio Morishima (1982). 
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for the once-rich twenty-two, a country’s 
religious establishment has been a surpris- 
ingly good proxy for the social capability to 
assimilate modern technology. 

The long-run data do not show conver- 
gence on any but the most optimistic read- 
ing. They do not support the claim that 
those nations that should have been able to 
rapidly assimilate industrial technology have 
all.converged. Nations rich among the once- 
rich twenty-two in 1870 have not grown more 
slowly than the average of the sample. And 
of the nations outside this sample, only Japan 
has joined the industrial leaders. 

This is not to say that there are no forces 
pushing for convergence. Convergence does 
sometimes happen. Technology is a public 
good. Western Europe (except Iberia) and 
the British settlement colonies of Australia, 
Canada, and the United States are now all 
developed. Even Italy, which seemed outside 
the sphere of advanced capitalism two gener- 
ations ago, is near the present income fron- 
tier reached by the richest nations. The con- 
vergence of Japan and Western Europe to- 
ward U.S. standards of productivity in the 
years after World World II is an amazing 
achievement, and this does suggest that those 
present at the creation of the post-World 
World II international order did a very good 
job. But others—Spain, Portugal, Ireland, 
Argentina, and Chile—that one would in 
1870 have thought capable of equally shar- 
ing this prosperity have not done so.*® The 
capability to assimilate industrial technology 
appears to be surprisingly hard to acquire, 
and it may be distressingly easy to lose.” 


®One can find good reasons—ranging from the Red 
Army to landlord political dominance to the legacy of 
imperialism—for the failure of each of the additional 
nations to have reached the world’s achieved per capita 
income frontier in 1979. But the fact that there are good 
reasons for the relative economic failure of each of these 
seven nations cases substantial doubt on the claim that 
the future will see convergence, for “good reasons” for 
economic failure will always be widespread. It is a safe 
bet that in 2090 one will be able ex post to identify 
similar “good reasons” lying behind the relative eco- 
nomic decline of those nations that will have fallen out 
of the industrial core. - 
Britain, the first industrial nation, is now almost as 
far behind today’s industrial leaders in relative per 
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The forces making for “convergence” 
even among industrial nations appear little 
stronger . than the forces making for “diver- | 
gence.” The absence .of convergence pushes | 
us away from a belief that in the long-run 
technology transfer both is inevitable and is 
the key factor in economic growth. It pushes 
us away from the belief that even the nations 
of the now industrial West will have roughly 
equal standards of living in 2090 or 2190.. 
And the absence of convergence even among . 
nations relatively rich in 1870 forces us to 
take seriously arguments like Romer’s (1986) 
that the relative income gap between rich- 
and poor may tend to widen. ab 


APPENDIX iJ 


Estimates of 1979 per capita income for all nations. 
in the sample are taken from Robert Summers and Alan ; 
Heston (1984), are calculated in Irving Kravis, Heston? 
and Summers’ (1978) 1975 “international dollar” pricè 
measure. These 1979 estimates are not exactly equal to ` 
the estimates used by Maddison (1982) and Baumol 
(1986) for three reasons. First, Maddison (1982) relied 
on an earlier application of the United Nations Interna- 
tional Comparison Project methodology (see Maddison, 
1982; Kravis, Heston, and Summers, 1978; and Summers 
and Heston, 1984). Second, Maddison prefers to work 
with data in U.S. relative prices because the price struc- 
tures of the other nations in his sample are becoming ` 
more and more like that of the United States as time 
passes. Third, Maddison (1982) works in 1970 prices © 
but the natural index date for international dollars is`` 
1975. 

Since the price structures of some of the nations in 
the extended sample are still far from that of the United 
States, I find considerable merit in the Kravis et al. 
international dollar measure. In addition, the use of 
U.S. relative prices would significantly increase the rela- 
tive spread of incomes in the sample; use of the interna- ' 
tional dollar is therefore the choice of price weights 
most favorable to “convergence.” 

Per capita income estimates for 1870-and 1913 for 
the nations of Maddison’s sixteen are calculated using 
Summers and Heston’s (1984) estimates of 1979 per 
capita income and Maddison’s (1982) estimates of ` 
1870-1979 and 1913-79 per capita income ous 0 


capita income terms as nations like France and Germany 


were behind Britain in 1870. Something more than the 
logic of convergence may be at work. 

39For an overview of the history of world develop- 
ment during the past century, see Pollard (1981) for 
Europe, Ashworth (1977), Arthur Lewis (1978), and 
W. W. Rostow (1978) for the world, and of course. 
Simon Kuznets (1966). 
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Wee -TABLE Al—MaximuM LIKELIHOOD ESTIMATION FOR THE ONCE-RICH TWENTY-TWO 
x WITH CHILE SUBTRACTED, 1870-1979 
a) 
l Slope - Standard Error Standard Error Standard Error 
p Coefficient 8 of Slope of Regression in 1870 PCI 
: 0.0 —~723 137 186 O 
0.5 -— 580 .175 181 128 
1.0 — 231 264 169 169 
2.0 0.614 604 .135 .191 
a) 1.738 1.229 


0 200 


Note: Data from Maddison (1982) and as described in the Appendix. 


This preserves Maddison’s estimates of growth rates. It 
ss obvious that error in estimating growth rates will 


inducé error in estimated initial per capita income. Thus | 


allowance is made, as discussed in the text, in the 
Statistical work for errors in the independent variable. 

Per capita income estimates for 1870 and 1913 for 
Ireland are calculated using the British per capita in- 
come estimates found in Maddison (1982) and the 
estimate of the relation between Irish and British per 
capita incomes found in R. C. O. Matthews, C. H. 
Feinstein, and J. C. Odling-Smee (1982; see also Fein- 
stein, 1972). Matthews et al. estimate that Irish per 
capita income was 54 percent of British in 1913 and 
that Irish and British per capita incomes grew at indis- 
tinguishable rates over the 1870 to 1913 period. 

Per capita income estimates for 1870 and 1913 for 
Argentina are taken from Maddison (1970). The 1870 
estimate depends heavily on Carlos Diaz-Alejandro’s 
(1970) judgment and should not under any cir- 
cumstances be cited for any purposes dealing with 
Argentinian development alone. The estimate is suffi- 
ciently shaky to be unacceptable for such purposes, 
although it is barely acceptable as an estimate fora 
comparative project like this one in which omission of 
nations for lack of acceptable data is not an option—due 
to the potential generation of selection bias—and in 
which errors in variables are adequately handled from a 
Statistical point of view. The 1913 estimate is based on a 
considerably more solid foundation. - 

Per capita income: estimates for Chile in 1913 are 
taken from Maddison (1970). Estimates of Chilean per 
capita income in 1870 are considerably more difficult to 


construct. Markos Mamalakis (1976) cites estirnates of ` 


agricultural production that suggest that the agricultural 
sector alone produced enough to give all Chileans an 
annual income of more than 220 1975 dollars in. 1841. 
On the assumptions that per capita income growth was 
constant from 1841 to 1913 and that the agricultural 
sector was initially three quarters of the economy, 
Chilean per capita income growth before 1913 was some 
1.3 percent per annum, and 1870 per capita income was 
| around 519 1975 dollars. This estimate is perhaps the 
shakiest of all, and places Chile close to the cutoff for 
inclusion in the sample. Although the volume of invest- 
ment from London and Paris in Chile before 1913 
strongly militates against Chile’s exclusion, Table Al 
reports quantitative statistical results for the basic re- 


gressions with Chile removed from the once-rich 
twenty-two sample. 

Per capita income estimates for 1870 and 1913 for 
East Germany are calculated from data given in Maddi- 
son (1982), who reports German per capita income 
both not adjusting for changes in boundaries and ad- 
justing for changes in boundaries (that is, calculating 
per capita income within the borders of present-day 
West Germany). “East Germany” before World War II 
therefore does not have the same boundaries as post- 


_ World War H East Germany. The. bias introduced by 


including parts of what is now Poland in the area of 


_ East Germany before World War II should be small, for 


the additional areas include both industrial Sitesia and 
agricultural Prussia. 

Per capita income estimates for 1870 and 1913 for 
New Zealand,*! Portugal, and Spain are derived from 
Bairoch (1976, 1981). Estimates of nineteenth century 
per capita income given by Bairoch are for 1860 and 
not, as in Maddison, for 1870. Bairoch’s estimates are 
not in complete agreement with those of Maddison 
(1982), as is shown in Figure Al. The correlation be- 
tween the two sets of mid-nineteenth century estimates 
of the log of per capita income for Maddison’s sixteen is 
91, and the estimated slope coefficients for the direct 
and reverse regressions of Maddison’s estimates on 
Bairoch’s are 1.16 and .71, respectively. 

Maddison’s estimates show a higher variance of log 
1870 per capita income and are thus more favorable to 
the convergence hypothesis. For this reason, because 
Maddison’s documentation is more complete, and be- 
cause I am more’ comfortable with his estimates, past 
per capita income estimates are retained on Maddison’s 
basis. The 1870 per capita income estimates for New 


Zealand, Portugal, and Spain are obtained by using the 


least squares regression of Maddison’s estimates on 


*1See J. A. Dowie (1966). Whether New Zealand 
should be counted as a nation is open to debate: only 
300 thousand people lived in New Zealand in 1870. 
Since New Zealand had an 1870 level of per capita 
income above the sample mean and has had relatively 
slow growth since, its inclusion in the sample is not 
hostile to convergence. 
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Bairoch Estimate of Log 1860 
Per Capita Income 


5.4 56 58 6 6.2 
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Maddison Estimate of Log 1870.Per Capita Income 


FIGURE Al. MADDISON AND BAIROCH ESTIMATES OF NINETEENTH CENTURY 
PER CAPITA INCOME 


TABLE A2— MAXIMUM LIKELIHOOD ESTIMATION FOR THE ONCE-RICH TWENTY-Two 
WITH AUSTRALIA OMITTED, 1870-1979 


Slope Standard Error 
p Coefficient B of Slope 
0.0 — .430 182 
0.5 0.157 .290 
1.0 0.769 459 
2.0 1.297 .650 
00 1.677 779 


Standard Error Standard Error 
of Regression in 1870 PCI 
.208 ' 0 
181 128 
147 147 
110 155 
0 161 


Note: Data from Maddison (1982) and as described in the Appendix. 


Bairoch’s to “predict” what Maddison would have 
estimated 1870 and 1913 per capita income to be had 
these nations fallen into his sample. 

For the most part, minor adjustments of the sam- 
ple by including or excluding individual nations make 
no perceptible difference in the quantitative results. 
Australia and Japan are the only exceptions, for each of 
these Asian outliers alone has the potential to cause 
noticeable shifts in the estimated degree of convergence 
by its inclusion or exclusion. 

Australia is an especially troublesome case because it 
appears very possible that Australian income in 1870 
may have been significantly lower than reported by 
Maddison. Bairoch’s disagreement with Maddison has 
already been noted. Ian McLean and Jonathan Pincus 
(1983) believe that Australian 1870 per capita GNP has 
traditionally been overstated by as much as 33 percent. 
David Pope (1984) reports that, on the standard esti- 
mates that serve as a basis for Maddison (1982), 
Australian real wages fell between 1870 and 1920. The 


50-year stagnation of real incomes found in Maddison’s 
estimates suggests that high Australian incomes in 1870 
bore little relation to the dynamics of the industrial 
revolution and of technology-driven economic growth. 
The sensitivity of the empirical analysis to the inclu- 
sion of Australia is illustrated by Table A2, which 
reports regression results for the once-rich. twenty-two 
sample with Australia omitted. Omitting Australia leaves 
a negative slope only in the case where there is not 
measurement error in 1870 per capita income, and in 
the central case where p =1.0 creates a large degree of 
divergence. To make the point another way, consider 
the standard deviations of the once-rich twenty-two 
sample including and excluding Australia. Including 
Australia, the ratio of the standard deviations of 1979 to 
1870 income is equal to 1.06. Excluding Australia, to 
1.31. What would be substantial divergence in the rela- 
tive spread of incomes with Australia excluded becomes 
no change in the relative spread with Australia in- 
cluded. ) l 
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Non-Agricultural Share of the Labor Force in 1870 


FIGURE A2. 1870 PER CAPITA INCOME AND NONAGRICULTURAL SHARE OF THE 
LABOR FORCE FOR MADDISON’S SIXTEEN 


TABLE A3—- MAXIMUM LIKELIHOOD ESTIMATION FOR THE ONCE-RICH TWENTY-TWO 
WITH JAPAN ADDED, 1870-1979 


Slope Standard Error 
p Coefficient 8 of Slope 
0.0 —.718 124 
0.5 — .580 154 
1.0 —.314 216 
2.0 0.373 449 
o0 1.444 .973 


Standard Error Standard Error 
of Regression in 1870 PCI 
.211 0 
.205 l .145 
.193 .193 
.158 224 
0 237 


Note: Data from Maddison (1982) and as described in the Appendix. 


The addition of Japan to the once-rich twenty-two 
has an effect roughly equal (in an opposite direction) to 


the subtraction of Australia, as Table A3 reveals. Al- 
‘though there is no ex ante warrant for including Japan 


ina sample of nations likely to rapidly industrialize as 
of 1870, its addition shifts the quantitative results to- 
ward showing convergence. 

Looking back one can find structural features that 
make Japan’s rapid industrial success less of a surprise. 
Late Tokugawa Japan was a substantially urban, com- 
mercialized society. It had a relatively small proportion 
of its labor force in agriculture given its reported per 
capita income. According to Maddison, Japan had a 
proportion of the labor force in agriculture not that 
different from Austria and Italy and almost exactly 
equal to Finland.** Yet according to Maddison Japanese 


And thus much below the agricultural share of 
nations with approximately Japan’s 1870 per capita 
income. 


per capita income in 1870 is only some 40 percent of 
per capita income in these first nations and less than 
two thirds per capita income in Finland. As Figure A2 
demonstrates, the relatively low share of the labor force 
in agriculture given Japan’s estimated per capita income 
casts doubt on the accuracy of the per capita income 
estimates. Japan does not fit the relation between non- 
agricultural labor force share and per capita income 
that holds for the rest of Maddison’s sixteen.*? 
Throughout most of the nineteenth century a larger 


*3-There are two other outliers that have a much 
lower proportion of their labor force in agriculture than 
one would think given their level of per capita income: 
Britain and Sweden. The reason for Britain’s low share 
of the labor force in agriculture is obvious. The case of 
Sweden may be more akin to that of Japan; in Sweden 
also the social indicators suggest a much higher living 
standard than do the per capita income estimates. 


4 
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TABLE A4—PER CAPITA INCOME ESTIMATES 
IN 1975 DOLLARS 


Per Capita Per Capita Per Capita 

Income Income Income 
Nation (1870) (1913) (1979) 
Maddison’s Sixteen 
Australia ` 1922 2523 6160- 
Austria l 751 1436 5731 
Belgium 1137 1778 6078 
Canada 881 2085 7527 
Denmark 883 1724 6621 
Finland 506 1053 5640 
France 847 1658 6705 
W. Germany 731 1562 6789 
Italy 746 1051 4424 
Japan 328 - 621 5749. 
Netherlands 1104 1591 5778 
Norway 665 1162 6475 
Sweden 557 1336 6594 
Switzerland 1118 1866 6388 
UK 1214 1864 5166 
United States 1038 2462 ” 8205 

Per Capita Per Capita Per Capita 

Income Income Income 
Nation (1870) (1913) (1979) 
Additional Seven Nations 
Argentina 762 1450 © 3119 
Chile 519 1156 2337 
E, Germany 741 1749 5409 
Ireland 656 1007 3491 
New Zealand 981 1624 4724 
Portugal 637 725 2845 
Spain 728 854 4246 


Note: Data from Maddison (1982) and as described in 
the Appendix. 


proportion of the Japanese population lived in the 


Shogun’s seat of Edo than the proportion of the British 
population that lived in London (Edward Seidensticker, 
1983). Japanese life expectancy was high. All of these 


social indicators fit badly with a level as low as the 300: 


1975 dollars a year used by Maddison. They suggest 
that per capita income may be significantly mismea- 
sured, for social indicators suggest higher standards of 
living than do per capita income estimates.** 

Table A4 presents the per capita income estimates 
used in this paper. 


4See Susan Hanley (1983), Yasukichi Yasuba (1986), 
but also Kazushi Ohkawa and Henry Rosovsky (1973). 
If per capita income was not underestimated, then 
Japan’s ability to assimilate industrial technology was 
very advanced for its wealth. See G. C. Allen (1981). 
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Productivity Growth, Convergence, and Welfare: Reply 


By WILLIAM J. BAUMOL AND EDWARD N. WOLFF* 


Preamble: Mea Culpa. Bradford De 
Long has succeeded in showing the error of 
my ways. I musi agree with almost every- 
thing he says in his paper—except for his 
conclusion. This remark is meant neither to 
denigrate his results nor to exonerate my 
work, but to show (as I believe, from corre- 
spondence, DeLong now concurs) that his 
and our findings are compatible, and yield 
richer insights than were available before. 
An extensive study by Edward Wolff and 
myself indicates that there has indeed been 
convergence among productivity levels and 
per capita income levels of the richest in- 
dustrialized countries, but the story is more 
complex than I had recognized. 

First, let me agree that the sample of 
countries in my earlier article was inad- 
vertently biased toward a showing of conver- 
gence. By using readily accessible data that 
dealt only with countries that afterward 
turned out to be successful I loaded the dice 
toward an appearance of convergence. It is 
no excuse (indeed perhaps the reverse) that I 
had recognized the problem in advance (un- 
der Paul Romer’s prodding) and had said so 
in a footnote. DeLong has found estimates 
of early GNP per capita for a wider spec- 
trum of countries (Paul Bairoch, 1976, and 
Angus Maddison, 1969) and uses them to 
show masterfully that a less biased sample 
exhibits little sign of convergence.? 


*Wiliam J. Baumol is Professor of Economics, 
Princeton and New York Universities. Edward N. Wolff 
is Professor of Economics, New York University. The 
authors are very grateful for generous support of the 
research underlying this paper to the Division of Infor- 
mation Science and Technology of the National Science 
Foundation, to the Exxon Education Foundation, and 
the C. V. Starr Center for Applied Economics. We are 
also indebted to Vacharee Devakula for her very val- 
uable assistance. 

At least one methodological problem does beset 
DeLong’s calculations—its mixing of historical statisti- 
cal estimates from different sources. As Summers has 


emphasized to us, and as our own calculations with 
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How can this be consistent with a conver- 
gence story? Wolff and I set out to study 
every pertinent datum we could find and to 
subject the data to every relevant conver- 
gence test (virtuous data mining?). The re- 
sults indicate that smaller groups of coun- 
tries began to converge as early as, perhaps, 
1860; that the size of the convergence club 
has since risen; but that for groups as large 
as DeLong’s, for the period he studies, there 
was, as he concludes, probably no conver- 
gence. The following is a small representa- 
tive sample of our many tests, with their 
(rather consistent) results. The full study will 
appear in our book, Productivity Perfor- 
mance: The Long View, forthcoming 1989 
[W.J.B.]. 

Estimates for Earlier Periods and Their 
Implications. We used Bairoch’s (1976) es- 
timates of GNP per capita for 19 European 
countries, essentially by decade, from 1830 
to 1913 to rank his countries in descending 
order of GNP per capita in 1870 (the start- 
ing point in our earlier study”), we con- 
structed a sample of countries consisting of 
the set of eight countries at the top of the 
list. Then we successively constructed sam- 
ples of the top 9, the top 10, and so on, until 
we got to the top 14 (beyond that number of 
countries too many data points were miss- 
ing). For each sample size we calculated a 
time-series of the coefficients of variation 
(i.e., standard deviation divided by the mean) 


more recent figures dramatically confirmed, two good 
time-series somewhat differently constructed can yield 
mutually consistent stories and yet produce a garbled 
tale when mixed together. However, neither this nor 
other possible criticisms on details undermines the basic 
validity of De Long’s central argument. 

? We also used 1830, Bairoch’s initial year. However, 
it is not obvious that an ex ante sample, with its bias in 
the other direction is what is wanted, either. Perhaps a 
proper test of convergence requires some intermediate 
starting date. 
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FIGURE 1. COEFFICIENT OF VARIATION GNP Per Capita, 1830-1913. 
BAIROCH COUNTRIES, 1870 RANKING. © Top 8 COUNTRIES; --- TOP 9 
COUNTRIES; — Top 10 COUNTRIES; + Top 11 COUNTRIES 


for each year for which estimates were pro- 
vided. 

The results showed a straightforward pat- 
tern (Figure 1). Up to about 1860, for all 
samples, we found growing divergence in 
GDP per capita (rising coefficient of varia- 
tion). But in the top group (8 countries) 
convergence appears to begin as early as 
1860, and certainly by 1880. Slower and later 
convergence is shown for the top 9 and 10 
country groups. However, if the remaining 
countries in Bairoch’s table are added to the 
sample, divergence among this larger group 
continues all the way to the end of Bairoch’s 
period. 

These calculations, then, suggest that much 
of the nineteenth century was a period of 
divergence in standards of living of the lead- 
ing European economies. Then, sometime 
toward the end of the century, this process 
began to erode, and was replaced by conver- 
gence among increasingly large sets of .the 
initially (or later) more affluent of the coun- 
tries. Moses Abramovitz has suggested to us 
that this is precisely what should have been 
expected. Before the Industrial Revolution 
the countries of Europe (with, perhaps, the 


exception of the Dutch Republic) were rela- 
tively homogeneous in their general poverty. 
Then Great Britain pulled ahead, inaugurat- 
ing a growth in heterogeneity which was 
intensified as a small set of European leaders, 
including Belgium, Switzerland, the Nether- 
lands, France, and Germany, also jumped 
ahead of the others. Only toward the end of 
the century was the leaders’ example learned 
by others, so that convergence could extend 
to a group of any considerable size. . 
The Postwar Summers— Heston Data. 
Because Bairoch’s figures stop in 1913, and 
his sample of countries is still far too small, 
they are insufficient to permit any conclusive 
ex ante classification test of the reality and 
prevalence of convergence. Fortunately, for 
1950-80 Robert Summers and Alan Heston | 
(1984) provide excellent data on real GDP — 
(RGDP) per capita (in: 1975 “international 
dollars”) for 72 countries. We used these © 
figures to test the hypothesis of our earlier | 
study that among wealthier countries ho- 
mogenization had occurred, but not among 
poorer countries. We tested this by calculat- 
ing whether initially poorer countries subse- 
quently grew faster than initially richer ones, 
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FIGURE 2. GROWTH RaTE, RGDP (1950-80) vs. 1950 RGDP 10-CouNnTRY 
MOVING AVERAGE, 72 COUNTRIES RANKED BY 1950 RGDP 
(SUMMERS- HESTON DATAY 


as convergence requires. To reduce scatter 
and obtain a coherent pattern, we calculated 
moving averages for sets of 10 countries at.a 
time. That is, the first set was made up of the 
10 countries ranked lowest in terms of 1950 
GDP per capita. The second set added the 
eleventh lowest and removed the (first) 
lowest, etc. For each group we graphed aver- 
age 1950 RGDP on the horizontal axis, and 
the growth rate of RGDP, 1950 to 1980, on 
the vertical axis (Figure 2). The graph is an 
automatic ex ante stratification, since poorer 
countries in 1950 must lie to the left, while 
initially wealthier countries lie to the right. 
Our hypothesis amounts to the conjecture 
that the moving average graph would be 
roughly positively sloping toward the left 
(poorer countries growing more slowly), and 
distinctly negatively sloping toward the right, 
meaning that per capita incomes among 
LDCs, selected ex ante, had diverged, while 
the opposite had been true among initially 
“industrialized” countries. 

This is, roughly, what Figure 2 shows. For 
nations with initial per-capita real GDPs 
below about $700, the curve’s slope is highly 
erratic, and can, perhaps, be interpreted to 


be positive overall. Beginning possibly with a 
700 dollar annual figure, and certainly above 
$1,300, the slope is clearly negative. Of the 
72 countries, something between 29 and 52 
fall in that group in the downward-sloping 
portion of the curve, while between 20 and 


43 fall in the more or less positively sloping 


segment. This suggests that somewhere near 
the median in our sample of countries “the 
advantages of backwardness” do indeed be- 
gin to overbalance the counteracting forces, 
sociological, educational, and other. 

In a more formal regression analysis, both 
a nonlinear relationship and a piecewise- 
linear relation composed of two line seg- 
ments were fitted to the RGDP data. 

The quadratic regression yielded the equa- 
tion 


In RATIO = 0.586 + 0.00038 RGDP50 


[4.2] [2.1] 
~(9.9 /107)RGDPS02, 
[2.2] 


R?= 0.07, N=72, 
where RATIO=1980 RGDP divided by 
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1950 RGDP and RGDP50 = per capita 1950 
GDP. The maximum of the equation occurs 
at a 1950 RGDP value of about $1900. Both 
variables are significant at the 5 percent level, 
with the predicted signs. The results again 
show divergence among the 1950 lower- 
income countries and convergence among 
the higher-income ones. 

The piecewise-linear regression was de- 
signed to attain its maximum near that of 
the nonlinear one, putting 17 of the 72 coun- 
tries into the ex ante upper-income category. 

The resulting regression equation is 


in RATIO = 0.658 + 0.00019 RGDPS0 
[5.8] [1.9] 


— 0.00044 
[2.2] 


D1900, 
R? =0.07, N= 72, 


where D1900 = RGDP50 if RGDP50 > 
$1,900 and 0 if RGDP50 < $1,900. The first 
variable is significant at the 10 percent level, 
the second at the 5 percent level, and both 
have the predicted signs, confirming the 
quadratic-equation results. Finally, separate 
regressions were run for the upper-income 
sample and for the lower-income group. 
For the upper-income group 


RATIO = 3.3 — 0.00038 RGDP50, 
[7.7} [12.5] 


R*=0.30, N=17, 
and for the lower-income group 


RATIO = 2.1 +0.0005 RGDP50, 
[5.5] [1.3] 


R*=0.03, n=55. 


This provides strong evidence of conver- 
gence in the upper-income group but much 
weaker evidence of divergence among the 
lower-income. countries. 

The preceding tests can be criticized be- 
cause they compare only 1950 and 1980, 
with no attention to intermediate year fig- 
ures. It can be argued that RGDPs in 1950 
were atypically diverse because of the great 
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war damage to several industrialized econo- 
mies. Their recovery naturally contributed 
abnormal convergence and thereby biased 


the calculation in the direction of our hy- ` 


pothesis. 


To avoid such problems, we calculated for | 
different ex ante country samples the time 


path of the coefficient of variation for each 
year in the period 1950-1981. The Sum- 
mers—Heston countries were again ranked 
on a 1950 basis. The time-series of coeff- 
cient of variation was calculated for the top 
10 countries and for the top 12, 14, 16, 18, 
22, 24, 26, 28, 30, 35, 40, 45, 50, 55, and 60 
countries. 

There is a sharp break in pattern of behav- 
ior between the samples that include fewer 
than 16 countries and those that include 16 
or more. In Figure 3, the curve for the sam- 
ple of the top 14 countries is typical for the 
(smaller) sets, containing the countries with 
the highest RDGP valués in 1950. The coef- 
ficient of variation fell steadily and sharply 
throughout the period, except at its very 
beginning and very end. Noteworthy is the 
fairly steady but fairly modest rise since 
1975. For larger samples divergence (positive 
slope) begins much earlier and continues far 
longer. In Figure 3, the curve for the sample 
of the top 26 countries, with its steady rise in 
divergence since 1961, is not atypical (though 
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for larger samples patterns become more er- 
ratic). The coefficient of variation in 1981 
was still about midway between its 1950 
high and its 1961 low, so that about half of 
the initial homogenization has been lost. 
These, then, are the facts, so far as they 
can be ascertained from the available data 
and many tests that lack of space prevents 
our reporting; indeed, from every test we 
could think of. They indicate that for per- 
haps the top 15 countries convergence has 
been marked and unambiguous, with a mild 
recent retreat. All countries together, exclud- 
ing LDCs, have also shown some conver- 
gence. Yet, larger samples do not display 
convergence, in part because of the heteroge- 
neous performance of the LDCs and failure 


of South American countries to live up. to 


their growth promise. 

This record offers no certain portents for 
the future, and it leaves open the most dif- 
ficult and most crucial issue—just how coun- 
tries achieve membership in the convergence 
club, and on what basis they are sometimes 
ejected. 
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Replication in Empirical Economics: The Journal of Money, 
Credit and Banking Project: Comment 


By JOHN J. MERRICK, JR.* 


I have been able to replicate nearly per- 
fectly the results of my May 1983 Journal of 
Money, Credit and Banking paper, “Finan- 
cial Market Efficiency, the Decomposition of 
‘Anticipated’ versus ‘Unanticipated’ Money 
Growth, and Further Tests of the Relation 
Between Money and Real Output.” I also 
have been able to reproduce the results ob- 
tained by William Dewald, Jerry Thursby, 
and Richard Anderson (hereafter, DTA) in 
their unsuccessful attempt to replicate my 
work as reported in their paper, “Repli- 
cation in Empirical Economics: The Journal 
of Money, Credit and Banking Project” (Sep- 
tember 1986 issiie of this Réview). Table Al 
of the Appendix provides my evidence.? My 
analysis leads me to the conclusion that the 
data described and results: originally re- 
ported in my 1983 paper are correct. The 
results obtained by DTA were caused by a 
data misalignment problem induced by my 
own error in labeling my stock return data in 
my post-acceptance data submission to the 
JMCB project. 


“* Associate Professor of Finance, New York Univer- 


sity Graduate School of Business Administration, 100 


Trinity Place, New York, NY 10006. 

The reason why my replication attempt did not 
yield precisely the same results as my 1983 regression is 
not clear. Possibly, the estimation routines in the TSP 
package I used in the replication attempt differ slightly 
from those of the IDA package I employed for that 
1983 paper. Also, the analyses were performed on dif- 
ferent computer systems. 

*DTA slightly misrepresented my 1983 paper's 
estimates. I reported coefficient standard errors, while 
DTA present computed “ratios in their Table 6 (ap- 
parently using my estimated slope coefficients and 
standard errors as inputs). Such ratios are not directly 
comparable with (what I assume to be) DTA’s own 
directly estimated f-ratios because of differences in 
rounding errors. Estimated standard errors should have 
been reported in the replication attempt (see Table A1). 

`The section of my paper “sampled” by DTA con- 
cerned a money growth anticipations equation esti- 
mated for quarterly data for the 1947:3-1978:1 time 
period. The data misalignment problem which would 
have appeared in the project replicator’s data file (once 
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In their footnote 2, DTA state that “...we 
endeavored to keep (authors) informed of 
our replication efforts.” For the record, I had 
never seen the results presented by DTA 
prior to their publication. DTA have since 
informed me that a draft of their paper was 
mailed to me in early 1985. Unfortunately, 
that draft never arrived and so the necessary 
detective work to uncover my reporting error 
was done after the fact. 

' Ironically, my reporting error would have 
been discovered back in 1984 had I re- 
sponded completely to a data check request 
issued by another replicator, whose query 
was channeled to me by a member of DTA. 
This second replicator, who predated DTA 
and worked independently of them, gener- 
ated results which differed dramatically from 
those of my 1983 paper.and he specifically 
questioned my hand-labeled stock return 
data as the possible cause. However, his 
exact estimates (for example, insignificant 
autoregressive coefficients for quarterly mon- 
ey growth) led me to suggest to him (cor- 
rectly) that important errors in his transcrip- 
tion of my money growth data were causing 
his most significant problems. Nevertheless, 
in suggesting the mislabeling possibility (a 
lead that I did not find time to follow up), 
this second replicator showed good intuition 
for what could go wrong in data exchanges 
supporting replication attempts.‘ 


transcribed verbatim from my mislabeled printouts) 
concerned the lagged return on the Standard & Poor’s 
500 stock price index. This variable’s reported coeffi- 
cient estimate in the DTA study differed dramatically 
from my originally reported results (see a,; in Table 
Al). The variable which should have been used was the 
period t-2 to t-l return. The variable I misled DTA into 
using happened to be the period ¢-3 to f-2 return. 

“At the time, I thought that, by putting the other 
items in my work and leisure queue ahead of respond- 
ing more completely to the second replicator’s request, I 
was being “optimally lazy.” In retrospect and with 
ex post regret, “just plain lazy” is equally descriptive. 
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Coincidentally, interest in my 1983 paper 
produced a third replication effort by Skaggs 
(1984). Again, Skaggs’ analysis was indepen- 
dent of and predated DTA’s project. It was 
carried out as a preliminary to Skaggs’ own 
extension of the literature on the real effects 
of unanticipated money growth. Skaggs 
estimated my money growth equation with 
independently collected data and obtained 
results very similar to those in my 1983 
paper (even though his sample period dif- 
fered slightly from mine). 

Undoubtedly, Skaggs had been able to 
produce such results because, unlike DTA, 


he did not labor under the handicap of my 
direct assistance in data provision. However, 
in my opinion, DTA should have qualified 
their failure to replicate my published work 
by referencing Skaggs (1984). A citation of 
Skaggs’ apparent success in independently 
reproducing my original results would have 
provided a balanced report on the probabil- 
ity that my 1983 results could have been 
replicated. I had previously called Skaggs’ 
results to DTA’s attention as part of my 
response to the second replicator’s unsuc- 
cessful efforts. 


APPENDIX 


TABLE Al —ORIGINAL AND REPLICATION ATTEMPT RESULTS OF PROPERLY AND 
IMPROPERLY SPECIFIED REGRESSIONS 


Merrick (1986) DTA (1986) Merrick (1986) 


on 


on on. 


Coefficient Merrick (1983) Merrick (1983) Merrick (1983) DTA (1986) 


ao 007 (005) 007 (005) 013 (2.41) .013 (2.44) 
ay 606 (076) 601 (076) 626 (6.85) 622 (6.79) 
Gy —.054 (.092) —.049 (093) -—-.039 (-0.38) —.037 (—0.35) 
G3 116 (091) 113 (09) 141 (140) 139 (133) 
a, ~0.71 (091) ~.069 (091) -.047 (-0.46) —.046 (—0.46) 
as 097 (078) 090 (079 099 (1.14) 095 (1.09) 
a6 . 075 (070) 080 (069 065 (0.85) «068 (0.89) 
a, 0081 (0035) 0083 (0034) .010 (2.65) 010 (2.69) 
ag — 0048 (.0044) —.0050 (0044) —.002 (-0.49) —.002 (—0.49) 
ay 0105 (0065) 0108 (0066) 011 (1.45) O11 (1.41) 
ao — 0031 (.0041) —.0033 (0041) —.004 (—0.93) -.004 (—0.88) 
an —.273 (087) —.272 (087) —.380 (—4.06) —.381 (—4.07) 
215 306 (083) 306 (083) 361 (3.90) 362 (3.92) 
ay 029 (006) 029 (006) -.0001 (-0.01) 0001 (001) 
DW 1.98 1.97 1.98 1.97 


Notes: The Merrick (1983) column reports my original paper’s results (standard errors, 
not ¢-ratios, in parentheses as in my original paper). Merrick (1986) on Merrick (1983) 
represents my recent attempt to reproduce these original results. This recent attempt 
was estimated using the TSP (Version 4.0B) package; Merrick (1983) used the IDA 
package. Both of these columns represent regressions with all data correctly aligned. 
DTA (1986) on Merrick (1983) is DTA’s originally reported replication attempt using 


misaligned data (t-ratios in parentheses). 


Merrick (1986) on DTA (1986) represents my 


investigation of what went wrong in DTA’s attempt. The a, coefficient is crucially 
affected by the (unintended) misalignment. 
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Replication in Empirical Economics: The Journal of Money,- 
Credit and Banking Project: Reply | 


By WILLIAM G. DEWALD, JERRY G. THURSBY, AND RICHARD G. ANDERSON* 


The replication of published research is 
essential to progress in economic science. 
Proofs of mathematical theorems often may 
be replicated without contact with the origi- 
nal author; replication of published em- 
pirical research may be impossible even with 
the cooperation of the author. Our research 
suggests that the cause of this phenomenon 
is inadequate care and documentation by 
researchers, which is itself a response to a 
system of professional rewards which does 
not value replication. John Merrick’s com- 
ments provide an example of the pitfalls in 
replication. 

An important task of the JMCB Project 
was to ascertain the level of support and 
guidance an author would furnish to another 
researcher who was attempting replication. 


Merrick reviewed an earlier replication effort. 


by Michael Zelina and offered constructive 
comments. Zelina had requested Merrick’s 
data set from the JMCB office on January 
30, 1984. On April 4, 1984, he wrote that 
he had independently checked and verified 
Merrick’s variables DM and U against data 
published by Barro and Rush (1980) (who 
had furnished them to Merrick) but could 
not replicate Merrick’s results. He said: 
“This leaves me to question the values of the 
remaining three variables TBR1, FEDV, and 
R,_1----1 wonder whether the values for 
R,- are correct.” (R,_, is the variable 
mislabeled by Merrick.) On April 11, 1984, 
we forwarded these results to Merrick. 
Merrick replied on May 16, 1984: “I 
have begun to review my notes...to this 


*Bureau of Economic and Business Affairs, US. 


Department of State, Washington, DC 20520; Depart- 
ment of Economics, Krannert Building, Purdue Uni- 
versity, West Lafayette, IN 47907; and Division of 
Monetary Affairs, Board of Governors, Federal Reserve 
System, Washington, DC 20551, respectively. 
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paper...there are three possibilities...: (1) 
my original work is in serious error, (2) the 
data appendix I submitted is in error, and/or 
(3) your analyst either transcribed the data 
incorrectly or is otherwise in error. My cur- 
rent work schedule makes it impossible for 
me to devote my full attention to this matter 
until July.” (Zelina was not our analyst and 
had no affiliation with the JMCB Project.) 
We did not receive further correspondence 
from Merrick. 

Our replication efforts were conducted in 
the fall of 1984 and incorporated in a draft 
copy of the JMCB Project Final Report to 
NSF which we mailed to Merrick on January 
15, 1985. In that report we wrote “...one 
researcher (Zelina, 1984) tried to replicate 
Merrick’s (1983) results. Our results are 
very different from his [Zelina’s] and very 
close to the ones reported by the author 
[Merrick]... Variable [R?_,] could be the 
source of the problems since our estimate of 
its coefficient has a different sign and a sig- 
nificantly different t-statistic than the ones 
reported in Table 1. This is the only major 
difference between our estimates and the 
author’s estimates.” We did not receive a 
reply. 

It is unfortunate that we did not receive 
further communication from Merrick until 
after publication of our paper in this Review 
and scrutiny by his peers. In Merrick’s com- 
ment we learn for the first time the reason 
for the difference in the estimates was be- 
cause the supplied data, set contained an 
error in the labels of one of the variables. As 
noted by Merrick in an earlier version of his 
comment, “One more exchange of informa- 
tion would have been helpful.” 

We published attempted replications of 
specific articles so as to demonstrate that the 
quality of record keeping practiced by em- 
pirical researchers often does not permit rep- 
lication. Merrick’s failure to understand the 
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purpose of our work is illustrated by his 
references to Skaggs (1984) in both his letter 
of May 16, 1984, and his comment in this 
Review. Our purpose was not to ascertain 
the “correctness,” accuracy, or robustness of 
published results. We did not suggest that 
results which we could not replicate are erro- 
neous; indeed, we believe that well-docu- 
mented erroneous results could be replicated 
perfectly. We sought to demonstrate that the 
materials supplied to us by some authors 
were inadequate to replicate. In addition, we 
noted in our article that our failure to repli- 
cate may be due to our errors. It is comfort- 
ing to know that such is not the case for at 
least one of the papers which we failed to 
replicate. 

It is our belief that journals should pub- 
lish the results of replication attempts— 
favorable or unfavorable—so as to improve 
the state of empirical economic research. But 
journals provide inappropriate incentives 
_ when they publish clarifying comments by 
authors who have failed to respond to re- 
quests for clarification prior to publication 
of negative results (even though one could 
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hardly call our report on Merrick’s work 
negative). 
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ERRATUM 


Honesty in a Model of Strategic Information 
Transmission: Correction: 


By CAROLYN PITCHIK AND ANDREW SCHOTTER* 


A number of typographical errors ap- 
peared in our paper published in the Decem- 
ber 1987 issue of this Review. Our correc- 
tions appear below. 


- p. 1033 On line 2 above equation (1): 

j probability 0 <p<l, if the re- 
pair needed is” 

should instead be 

“probability 0 <1- p <i, if the 
repair needed is” 


p. 1033 On line 3 of footnote 1: 
“C= uCU|£)+0—-r)ud J); 
E,= 
should be 
“C, =ru(I[E)+(1—r)u(IjIy; 
E, = 35 

p. 1034 On line 11 below A. Quality Con- 
trol: 
“decreases in r and that ĝ is inde- 
pendent of” 


should instead be 
“increases in r and that ĝ is inde- 
pendent of” 


*Departments of Economics, University of Toronto, 
Toronto, Ontario, Canada M5S 1Al1; and New York 
University, New York, NY 10003, respectively. 


On line 7 below B. Price Controls: 
“u( ElI) remains the same. But 
then by” 

should be 

“u(I|E) remains the same. But 
then by” 

Left-hand column, equation in line 
3 from the top: 


p. 1034 


p. 1035 


“(r(u(E|E)—ull|E)) 
— p=(1—-r)(ulIIZ) — ul EIZ))(—s)| 
+[s(1—r)(u(1[1) — uE)” 
should be 
= [r(u(E|E)— u(1E)) 
~(1—r)(u(I|1)— u(El))(1-s)| 
+[s(1—r)(u(I)— u(E|Z))} 
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James A. Wilcox. | , p 


This inexpensive reader is updated annually to help students stay current 
with the rapid changes in the field. ©1988, 370 pp., softbnd. 


Scott, Foresman and Company — 
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Scott, Foresman 


Economics Texts | 
The Perfect Competition 


Basics at Their Best! 


Microeconomic Theory and Applications 

Third Edition 

Edgar K. Browning / Jacquelene M. Browning 

Texas A&M University 
The best-selling text in this field offers lucid, in-depth coverage of basic 
topics. Four separate applications chapters provide additional applications, 
giving students an unparalleled understanding of the theoretical: topics 
and their ramifications. 


Third Edition highlights 

m Five new extensive applications, including intertemporal choice and 
human capital; excise taxation; the NCAA cartel; sugar price support 
program; and the Consumer Price Index 

m 100 new end-of-chapter problems 

E A new end-of-text math appendix that is keyed to the main text for easy, 
optional use 

m Newly revised Test Bank with over 200 additional questions 

Available Now, ©7989, 672 pp., hardbnd., with Instructor's Manual/Test Bank; 

Study Guide/Workbook; Interactive Software. 


Finally, a one-term principles text 
that offers real depth 


‘Contemporary Economics 

J.R. Kearl, Brigham Young University 
Kearl’s new one-semester principles text emphasizes the depth, not the 
breadth, of micro and macro topics found in the big two-semester texts. 
A strong micro core is developed before the essentials of modern macro 
are covered. 





Features include: 
a international economics integrated early into the text 
= Strong presentation of the micro foundations of macroeconomics 
u More real-world applications than in competing texts _ 
m= Extensive and superb end-of-chapter problems 
E A strong public policy theme throughout 
m Lucid, nontechnical coverage of information economics and uncertainty 


Available Now, © 1989, 575 pp., softbnd., with Instructor's Manual, Test Bank, 
and Study Guide. 


i 
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Brief 
Nontechnical 
Traditional Topic Order 
_ Applications-Oriented 
Modern 


A Basic Economics 
Paul R. Gregory / Roy J. Ruffin 
University of Houston 


From the authors of the best-selling 
Principles of Economics comes a 
new text that more fully emphasizes 
their acclaimed pedagogy and 
writing style. Briefer and with a more 
traditional topic order (e.g., Keynes- 
ian economics appears before the 
money chapters), this is the first 
introductory text to identify and dis-* 
play all key economic ideas in a 
wide margin format. Full-color layout 
is combined with abundant pho- 
tographs and a single text column 
per page to create a less intimi- - 
dating learning format. Available 
Now, ©7989, in single-volume and 
split editions, with Instructor's Manual, 
Study Guide, Micro and Macro disks 
developed exclusively for this text, 
Test Bank, Overhead Transparencies, 
and DIPLOMA electronic classroom 
management system. 


Scott, Foresman and Company 
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Scott, Foresman 


Economics Texts 
The Perfect Competition 





New for 1988-89 


A The Antitrust Revolution 
John E. Kwoka, Jr. 
Lawrence J. White 
Thirteen non-technical studies of 
recent antitrust cases, written by 
the economists who participated in 
them, offer students a clear illus- 
tration of the microeconomic analy- 
sis used in today’s legal cases. 
- Available Now, ©7989, 330 pp., 
softbnd. 


A The Economics of the 

Employment 

Relationship 

Robert J. Flanagan 

Lawrence M. Kahn 

Robert S. Smith 

Ronald G. Ehrenberg 
An integrated treatment of the eco- 
nomic, legal, and organizational 
aspects of the employment relation- 
ship in both union and neoclas- 
sical labor models, with a compara- 
tive systems thread throughout. 
Available January 1989, 620 pp., 
hardbnd., with “The Competitive 
Edge” :software simulation program. 


A Urban Economics, 4/e 


Edwin S. Mills / Bruce Hamilton . 


ideal for advanced undergraduate 
courses, this one-term text uses 
economic theory to analyze cities, 
urban issues, and problems. The 
Fourth Edition features stronger cov- 
erage of the historical evolution 

of cities, an economic analysis of 
urban education, and much more. 
Available Now, ©7989, 420 pp., 
hardbnd. 


A State and Local 
Public Finance 
Institutions, Theory; Policy 
Ronald C. Fisher 


Assuming only a micro principles 


background, this text uses micro- 
economic theory to analyze thor- 
oughly the practice and problems 
encountered in state and local gov- 
ernment taxation and expendi- 
ture. Available Now, ©7989, 550 pp., 
hardbnd. 


A Comparative Economic 
Systems | 
Heinz Kohler 


This innovative text explores alter- 
native criteria underlying any eco- 
nomic system, and focuses on 
Marxist theory, socialist systems, the 


Soviet economy, Yugoslavia, China, 


the LDC model, and modern Western 


_ welfare states. SYSTEMS- 1, an IBM 


disk with programs on input/output, 
linear programming, cash flow, other 
investment criteria, and problem 
sets, is free with each new text. 
Availabie February 1989, 610 pp., 
illustrated, hardbnd. 


A Money and Capital 
Markets 
Tim S. Campbell 


Analytical microeconomics-based 
text with the strongest coverage 
yet of interest rate determination, 
portfolio theory, and asset liability 
management of financial interme- 
diaries in a competitive deregu- 
lated environment. ©1988, 608 pp., 
hardbnd. 
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Blackwell——— 


Lectures on Advanced 


Econometric Theory 
DENIS SARGAN 

Edited by MEGHNAD DESAI ` 
$39.95 208pp 0-631-14956-2 


The New Classical 


Macroeconomics 

KEVIN D. HOOVER ~ 

"critical writing of the very highest order. 
The breadth of coverage is also very impres- 
sive." ~ Robert E. Lucas 

$49.95 304pp 0-631-14605-9 


Economic History and the 


Modern Economist 

WILLIAM N. PARKER 

"represents some of the best writing — and 
writers -- the field has to offer." -- Choice 
Now Available in Paperback! 

$12.95 (pb) 120pp 0-631-15585-6 


On Ethics and Economics 
AMARTYASEN _ 
$12.95 132pp 0-631-15494-9 


Economists and the Economy 
The Evolution of Economic Ideas 1600 
to the Present Day 

ROGER BACKHOUSE 

$49.95 240pp 0-631-15558-9 


‘Multinationals and the 


European Community 
Edited by JOHN H. DUNNING and 
PETER ROBSON 

Journal of Common Market Studies 
$19.95 (pb) 168pp 0-631-16329-8 


The Emergence of the 


Welfare States 
DOUGLAS E. ASHFORD 
Now Available in Paperback! 


$18.95 (pb) 352pp 0-631-16023-X 


Do Socialist Economies Work? 


‘The Soviet and East-European 


Experience 
MICHAEL BLEANEY ` 
$49.95 256pp 0-631-15306-3 


Growth, Development 


and Welfare 
AJIT K. DASGUPTA | 
$49.95 224pp 0-631-14399-8 


Technology, Education 


and Productivity 

Essays in Applied Econometrics 
ZVI GRILICHES 

$39.95 288pp 0-631-15614-3 


Surveys in Public Sector 


Economics 
Edited by PAULG. HARE . 
$49.95 288pp 0-631-15686-0 


Innovation, Technology and 


Finance 
Edited by ARNOLD HEERTJE 
$49.95 216pp 0-631-15952-5 


Pre-Industrial Economic 


Growth 


Social Organization and Technological 
Progress in Europe 

GUNNAR PERSSON 

$45.00 208pp 0-631-14963-5 


Toll-Free Ordering: 
1-800-638-3030 


T 


Y Basil Blackwell 
432 Park Avenue South 
New York, NY 10016 
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acro cono a 


SECOND EDITION 








Economics, Second Edition 


David Kamerschen, University of Georgia 
Richard McKenzie, Clemson University i 
Clark Nardinelli, Clemson University 


Complete Hardcover Edition ° about 1,024 pages 
Macroeconomics, Second Edition ° paperback 
wmn ECONOMICS -about 576 pages 
nme SECOND EDITION Microeconomics, Second Edition ° * paperback 
- about 608 pages 


Instructor’s Manual + Test Bank * PC Test Bank 
Plus Ħ Call-in Test Service « Transparencies 
Quadrant I: Color Graphics Software « Study - 
Guide + MicroStudy: Computerized Study Guide 
PC Economics: Interactive Graphing Software 
with Workbook « GPA: Grade Performance 
- Analyzer ¢ Just published 
The new Kamerschen/McKenzie/Nardinelli author 
team brings valuable expertise in macro, micro, 
and history of economics to the Second Edition. 
Retaining the First Edition’s flexible organization 
and in-depth coverage, Economics, Second 
Edition is the first introduction to incorporate 
fully integrated pedagogy that helps students learn 
concepts quickly and more efficiently. Chapter- 
opening Key Questions, which focus on the 
chapter’s central points, are repeated in the 
margin next to the appropriate text area. At the 
end of each chapter, Key Questions are summar- 
ized for review. 
Economics, Second Edition also features more 
-Perspectives boxes and new Dialogue boxes that 
present contrasting views of current economic 
issues. New to the support package is PC Test l 
Bank Plus with graphing capabilities. 


8 nme anana ei it o 


For adoption consideration, request an examination 
package from your regional Houghton Mifflin office. 


RY Houghton Mifflin 


13400 Midway Rd., Dallas, TX 75244-5165. 
1900 S. Batavia Ave., Geneva, IL 60134 
925 E. Meadow Dr., Palo Alto, CA 94303 
101 Campus Dr., Princeton, NJ 08540 -` 
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The Economic Forecast Is BASIC 





NEW 


THE GREAT U-TURN 
Corporate Restructuring 


and the Polarizing of America 
so HARRISON & BARRY BLUESTONE 
19.95 


LIABILITY 
The Legal Revolution 


and Its Consequences 
PETER W. HUBER 
$19.95 


MEMOIRS OF AN UNREGULATED 
ECONOMIST 

GEORGE J. STIGLER 

Sloan Foundation Science Series 
$17.95 


RENDEZVOUS WITH REALITY 


The American Economy after Reagan 
eee” WEIDENBAUM 
19.95 


SOCIAL SCIENCE IN GOVERNMENT 


Uses and Misuses 
RICHARD P. NATHAN 
$18.95 


NEW TEXT EDITIONS > EE 


OpENECONOMYMACROECONOMICS 


Second Edition 
RUDIGER DORNBUSCH 
$24.95 


PRINCIPLES OF MONEY, BANKING, 

AND FINANCIAL MARKETS 

Sixth Edition 

LAWRENCE S. RITTER & WILLIAM L. SILBER 
6.9 


At your bookstore or direct 

from the publisher at 1-800-638-3030. 
Major credit cards accepted. 
Libraries and institutions 

call 1-800-242-7737. 


_NEWIN PAPERBACK "mmmn 


BAILOUT 
An Insider's Account 


of Bank Failures and Rescues 
coos S. SPRAGUE 
9.95 


MANUFACTURING MATTERS 
The Myth of the Post-Industrial 


Economy 
ee S. COHEN & JOHN ZYSMAN 
9.95 


THE TRANSFORMATION OF 


AMERICAN INDUSTRIAL RELATIONS 
THOMAS KOCHAN, HARRY KATZ, & ROBERT 
MCKERSIE 

11.95 


UNHEARD VOICES 
Labor and Economic Policy 


in a Competitive World 
RAY MARSHALL 
$9.95 


‘COMING IN SPRING '89 === 


BALANCING ACTS 
Technology, Finance, 


and the American Future 
JAMES K. GALBRAITH 
$21.95 


FLUCTUATING FORTUNES 
The Political Power of Business 
in America 

DAVID VOGEL 

$20.95 


THE NEw COMPETITORS 
How Foreign Investors Are angus 


the U.S. Economy 

NORMAN J. GLICKMAN 

F DOUGLAS P. WOODWARD 
19.95 


WRONG NUMBER 


The Breakup of AT&T 


ALAN STONE 
$19.95 


BASIC BOOKS, INC. 10253ra st, "h York 10022 





Please mention THe AMERICAN Economic Review When Writing to Advertisers 


INTERNATIONAL MONETARY FUND 
STAFF PAPERS 


Staff Papers, a quarterly journal, contains studies by the Fund’s staff on international 
monetary and financial problems. The December 1988 issue includes: 


The Balance of Trade, Terms of Trade, and the Real Exchange Rate: — | 
An Intertemporal Optimizing Framework by Jonathan Ostry 


The Effects of Currency Substitution on the Response of the 
Current Account to Supply Shocks by Carlos Vegh 


Urban and Rural Household Savings in China... .. '. by Yingyi Qian 
Debt Relief and Adjustment Incentives: A Theoretical Exploration by W. Max Corden 


Multilateral Negotiations for Rescheduling Developing Country Debt: 
A Bargaining-Theoretic Framework by Jeremy Bulow and Kenneth Rogoff 


Financial Deregulation, Demand for Money, and Monetary 
Policy in Australia by P.A.V.B. Swamy and George S. Tavlas 


` The Sustainability and Optimality of Government Debt by Howell H. Zee 


Subscription rates: US$18.00 a volume, US$5.00 for a single issue. 
Special rates for university libraries, faculty, and students: U$$9.00 a volume. 
Available from: Publications Services * Box E-434 
International Monetary Fund * 700 19th Street, N.W. 
Washington, D.C. 20431, U.S.A. e Telephone (202) 623-7430 





FEDERAL RESERVE BANK OF NEW YORK 
RESEARCH FUNCTION 





Research positions available for experienced economists and new Ph.Ds. in 
macroeconomics, monetary theory and policy, finance, international 
economics and applied econometrics. Temporary and permanent appoint- © 

_ments available. Salaries commensurate with experience and level of achieve- 
ment. Equal Opportunity Employer. For more information contact: 








A. Steven Englander 
Recruiting Officer 
Federal Reserve Bank of New York 
33 Liberty Street, Room 913 
New York, New York 10045 
(212) 720-5635 
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ECRS DIRECTORY OF UNPUBLISHED 
RESEARCH - BUSINESS & ECONOMICS 
BASE VOLUME 


A UNIQUE AND INVALUABLE SOURCE OF RESEARCH, 
DATA, INFORMATION, AND IDEAS. 


Indexes over 43,000 unpublished works such as working / discussion / 
technical / seminar papers and many other types of research in all areas of 
business and economics, from the USA and abroad. 


The DIRECTORY indexes: (a) author, (b) title, (c) affiliation, (d) LD.#, (e) 
year, (f) type (g) subject category. It is organized by subject. 


Dimensions - 2,000 pages; 143 subject areas; 650 institutional sources; up — 
to 20 years; 160 work types; USA and world-wide; 9°x12"x3. 


143 subject areas on a cross-section of theory, institutions and applications 
in micro/macro economics, policy, accounting, finance, marketing, O.R., 
engineering, law, applied math, stats, credit, econometrics, regulation, R&D, - 
industry/country studies, monetary/fiscal topics, political economy, history, 
agriculture, bibliographies, computers, education, demography, insurance, 
women, poverty, pension, socialism, minorities, environment, energy, and 
many, many more (request complete list on your letter-head), | 


The number of institutions and individuals registering research on an ever 
increasing range of topics with ECRS is steadily rising. SUPPLEMENTS, 

with some 10,000 additional items, will be made available to registered BASE 
VOLUME purchasers at a fraction of the current price. The BASE 
VOLUME will remain the only comprehensive cummulative source. 


Price: $88, plus $11 for UPS and handling. AEA member discount: 50%. 
Payment must accompany orders. Make checks payable to “ECRS, INC?’ 


Address orders and other correspondence to: 
ECONOMIC CONSULTING & RESEARCH SYSTEMS - ECRS INC 
200 Park Ave - P.O. Box 1278 
New York, NY 10163-1278 


SAR DASE TE ah OES 
ee ee 
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Oxford 
New! 4 
An unrivaled resource for courses in economic history 


A Concise Economic History 
-of the World 


From Paleolithic Times to the Present 
RONDO CAMERON, Emory University 


Grounded in modern economic theory but written in 
non-technical language accessible to non-specialists, this 
comprehensive history highlights events that have contributed to 
prosperity and material well-being—that is, to “development” — 
as well as those that have resulted in continued “underdevel- | 

_ opment” for large areas of the world. The first half of the book 
surveys world history from ancient times to the eighteenth 
century, outlining the origins of Western prosperity. The second 
half investigates in detail the industrialization and urbanization 
that transformed Europe and America in the nineteenth and 
twentieth centuries. Cameron places the contemporary world 
economy in broad historical perspective, making both the 
East-West rivalry and the North-South split more understandable. 
With its predominantly narrative style, Economic Development in 
History is invaluable for upper division and graduate courses in 
economic history and economic development. . 


' March 1989 464 pp. illus. $29.95 


Prices and publication dates are date to change. 
To request an examination copy, write on school letterhead giving full course information, including 
course name, level, expected enrollment, and your decision deadline, to: 
College Humanities & Social Sciences Marketing Dept. 


Oxford University Press 
200 Madison Avenue * New York, NY 10016 
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Oxford 


World | 
Development 


Report 1988 


THE WORLD BANK 





“Basic source of data on LDC’s and complementary reading 
to any of the leading textbooks in Economic Development” 
—D.K. Zschock, State University of New York at Stony Brook 


“A basic and essential summary of the views of the world’s 
premier development institution, with the supporting data” 
—John W. Thomas, Harvard University (on the 1987 Report) 


Recognized as an indispensable resource for economists, 
policymakers, journalists, and professionals of all kinds, the 
World Development Report continues to survey and synthesize 
contemporary economic issues in developed and developing 
countries. The 1988 Report surveys opportunities and risks in 
adjustment and growth worldwide, with a special section on 
public finance in growth development, providing an up-to- 
date, informative analysis of recent trends with an abundance 
of supporting data. As always, the Report incorporates 
research from all over the world, analyzing the conditions that 
surround the growth process and offering insights on 
appropriate policy measures for the future. 


(A World Bank Publication) 


1988 320 pp.; charts, tables, graphs, and maps 
paper $12.95 cloth $26.00 
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Again available in paperback—by the winner of the 1987 Nobel Prize in Economics 


Growth Theory 
An Exposition 
ROBERT M. SOLOW, Massachusetts Institute of Technology 


With American productivity growing at ever-smaller rates and international stock 
markets in spectacular turmoil, this distinguished book by one of the greatest living 
economists is more timely than ever. The paperback edition features the full text of 
Solow’s Nobel Prize acceptance speech. 

1988 142pp.;1lillus. paper $10.95 


Survival and Change in the Third World 
Edited by BEN CROW and MARY THORPE, both of the Open University of Britain 


Following the development of Third World economies over a five-hundred-year 
period, this unique collection provides a much-needed interdisciplinary framework 
for further debate on development and underdevelopment in the Third World; 
examining not only industrial and agricultural production, but also the people 
involved in running Third-World economies. 

1988 376pp. paper $14.95 cloth $39.95 


Dynamic Economic Analysis 

MILTON HARRIS, Graduate School of Business, The University of Chicago 

“Excellent compact survey.’—Sudipto Bhattacharya, University of Michigan. 

“An excellent text....Provides a clear, concise presentation of important dynamic 
economic modelling concepts.’”—Jamie Kruse, University of Colorado 

1987 152pp. $19.95 

Solutions Manual free to instructors 


Microeconomic Principles 

FRANK A. COWELL, The London School of Economics and Political Science 

This comprehensive textbook offers thorough coverage of the basic principles that 
underlie standard modern theoretical and applied economics. Among the topics 
covered are production, the firm, the consumer, households and workers, 
aggregation, equilibrium, efficiency, uncertainty, incentives, and welfare. 

1986 422pp. $26.00 3 


The Economics of Uncertainty 
C.J. McKENNA, University College, Cardiff 


“Very appealing” —Jonas Prager, New York University. The first work of its kind, this 
non-technical introduction outlines broad issues and various techniques, and then 
considers their applications in such areas as insurance, quality uncertainty, 
signalling, and the stock market. 

1986 139pp. $19.95 


Prices and publication dates are subject to change. _ oe 
To request an examination copy, write on school letterhead giving full course information, including 
course name, level, expected enrollment, and your decision deadline, to: 
College Humanities & Social Sciences Marketing Department 


Oxford University Press 
200 Madison Avenue * New York, NY 10016 
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COMPARATIVE WORLD DATA 


A Statistical Handbook for Social Science 
compiled by Georg Müller 


Compiled at the Sociological Institute of the University of Zurich, Comparative World Data 
offers a wide range of social, economic, political, cultural, and demographic information 
covering 130 countries. For each country, 51 variables provide information ranging from per 
capita income and infant mortality rates to share of Nobel Prize winners and extent of 

civil liberties. 

For more sophisticated analyses, the entire data base is available for purchase with the book 
on IBM-compatible diskettes, but the volume’s format permits exploratory data analysis 
without use of a computer. A source of encyclopedic information on the world’s countries as 
well as a device for making cross-national comparisons, testing hypotheses, and constructing 
theories, Comparative World Data provides an invaluable research tool. ; 


$49.95 hardcover 
$87.00 hardcover with 3 514” or 2 314” diskettes 


SUBSIDIZING INDUSTRIAL LOCATION 


A Conceptual Framework with Application to Korea’ 
Michael P. Murray 


How can policymakers in developing countries best induce firms to locate at particular sites? 
Michael P. Murray develops the first rigorous conceptual framework for analyzing the 
economic efficiency of alternative policies for influencing firms’ choices of location. Rooted 
in a theory of optimal subsidies, the framework relies on econometric and simulation models 
of firms’ costs. 

World Bank Occasional Papers, New Series, Number 3 


$14.95 paperback 


EXCHANGE RATE MISALIGNMENT IN 
DEVELOPING COUNTRIES 


Sebastian Edwards 


Sebastian Edwards identifies the factors determining the real exchange rate at equilibrium and 
examines the causes of misalignment under fixed, floating, and dual (or black market) 
exchange rate regimes. He stresses the relation between the misalignment rate and 
macroeconomic policies, describes how to measure ig costs of misalignment, and evaluates 
strategies to realign real exchange rates. | 


World Bank Occasional Papers, New Series, Number 2 
$9.95 paperback 


THE JOHNS HOPKINS UNIVERSITY PRESS 


701 West 40th Street, Suite 275, Baltimore, Maryland 21211 
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` AMERICAN ECỌNOMIC ASSOCIATION . 
1989 ANNUAL MEMBERSHIP RATES 


-= Membership includes: 
_-—a subscription to The American Economic Review (q uarterly) aie Papers and Proceed- 


ings, the Journal of Economic Literature (quarterly) and the Journal of erence Perspec- 
tives (qua rterly). 


@ Regular members with annual in- Student status must be certified by 
comes of $30,000 oriess.......... $42.00 . your major Erotesser or school 
registrar 2.3.5 :555 ee sae ead Bhs eae $21.00 
@ Regul ar members with annual in- a8 ; 
comes above $30,000 but no more —_ @in Countries other than the U.S.A., 
than $40,000 na.se erena $50.40 _ Add $16.00 to cover postage. 
@ Regular members with Skia in- = | @Fainily members (persons living at 
comes above $40,000 ..... A $58.80 the same address as a regular mem- 
y ER i ber, additional memberships without 
@ Junior members (available to regis- subscription to the publications of 
tered students for three years only). the Association) ................. $8.40 
. Please enter my membership for the following period: ee 
0 Jan.-Dec. Q April-March . O July-June ` O Oct.-Sept. 

First Name and initial ; n Last Name. .. x Suffix 
ec ea “MAJOR FIELDS (TWO ONLY) 
pera Nees | | LIST FIELDS WITH WHICH 

YOU CURRENTLY IDENTIFY. 
: SELECT FIELD CODE FROM: JEL, 
Address Line 2 “Classification System 
s . for Books” 
City = : ; 
State or Country Zip/ Postal Tode 





Please type or print information above. Please pay-with.a check: or money order payable 
in United States Dollars: Canadian and foreign payments must be in the form of a draft 
or check drawn on a United States bank payable in United States Dollars. Please note: 
It is the policy of the Association, not to refund membership: payments. 


Endorsed by. (AEA member) —— 2 - 


Below for Junior Members Only 


| certify that the person Sanaa above is enrolled asa a student at P E a pa 


FETE Signature 
PLEASE SEND WITH PAYMENT TO: 


AMERICAN ECONOMIC ASSOCIATION 
1313 21ST AVENUE SOUTH, SUITE 8097 
NASHVILLE, TENNESSEE,37212-2786 

U.S.A. 
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The Most Modern Applied ; 
Treatment of Intermediate E 


Microeconomics 
Available! 







t*a, aan 





Price Theory 
and Applications 


Steven E. Landsburg, 
— of Rochester 


This major new contribution to the field of price theory will show students how 
consumers and business firms make decisions, and how these decisions interact in 
the marketplace. The text encourages students to develop and use economic.intu- 
ition by submitting it to precise verbal and graphical analysis. Without relying on 
intimidating mathematical tools, PRICE THEORY AND APPLICATIONS exposes 
students to sophisticated: économic reasoning, and includes examples and prob- 
lems that will challenge even the most ambitious and talented student. 


Comprehensive Ancillary Package Includes: 


instructor's Manual è Test Bank ® Study Guide with GraphPac 
e Computerized Test Banks © Transparency Acetates © Computer Assisted 
Instruction @ Landsburg’s Exercises and Calculus ees 


1989  656pages > hardcover : ISBNOQ03-020589-1 


CGO THE DRYDEN PRESS 


908 North Elm Street, Suite 101, Hinsdale, IL 60521 
| DSI-BAERF ` 
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| University of Siena — C. N. R. 
INTERN ATIONAL SCHOOL OF ECONOMIC RESEARCH 


announces a 
Workshop on , COMPETING EXPLANATIONS OF HIGH UNEMPLOYMENT 
July 4-16, 1989, at the Certosa di Pontignano, Siena (Italy). 


The International School of Economic Research was established in 1987 and has organized two previous workshops. 


The first on “Alternative Approaches to Macroeconomics” was held in November of 1987 with the participation of the follo- 
wing lecturers: 


J.-P. Benassy (Cepremap) T J. Sargent (Hoover Inst.) E. S. Phelps (Columbia) 
M. De Cecco (Rema) J. Taylor (Stanford) J. Sachs (Harvard) 

D. Hendry (Oxford) R. Day (Southern Cal.) J. E. Stiglitz (Princeton) 
J. R. Hicks (Oxford) R. M. Goodwin (Siena) A. Vercelli (Siena) 

A. Leijonhufvud (UCLA) - ` D. Heymann (Buenos Aires) M. Woodford (Chicago) 
B. T. McCallum (Carnegie-Mellon) . D. Laidler adler (1 U.W. Ontario) . 

A. Quadrio Curzio (Milano) S. Lombardini (Torino) 

The School’s second workshop on “Economics and Institutions” was held in July of 1988 with the participation of: 

P. Bardhan (UC Berkeley) F. Romani (Roma) D. North (U. Washington) 
R. © Clower (South Carolina) A. Schotter (New York U.) E. S. Phelps (Columbia) 
H. Demsetz (UCLA) S. Bowles (U: Mass.) R. Rowthorn (Cambridge) 
J. R. Hicks (Oxford) M. De Cecco (Roma) M. Shubik (Yale) 

A. Leijonhufvud (UCLA) i - R. Heiner (Brigham Young) H. Simon (Carnegie-Mellon}) 
U. Pagano (Siena) B. Holmstrom (Yale) 


Inquiries concerning the faculty for Workshop m canbe directed to the Secretary of the School and will be answered as soon 
as arrangements have been completed. The Siena School workshops are intended for advanced graduate students and junior 
faculty members. The members of the faculty will be in residence and available to students in and out of lecture and debate 
sessions for the entire duration of the workshop. Enrollment will be limited to 30 fellows. Rgom and board will be provided 
by the School but, in principle, fellows will have to pay for their own travel. Applications, inpluding a detailed curriculum 
vitae and two letters of reference, should arrive before May ist, 1989, and be addressed to: 


Barbara Engelmann 
The Secretary International School of Economic Research 
Dipartimento. di Economia Politica, Universita di Siena, Piazza S. Francesco, 53100 Siena (Italy), tel. (+577) 298-619 





Available for Text and Reference Use 


REGULATION AND MARKETS 
Daniel F. Spulber 


Regulation and Markets provides the up-to-date, integrated 
analysis of regulatory policies and the administrative process 
that is needed in today’s field of regulation economics. The 


book takes a modern perspective, using the tools of industrial 
organization and game theory. It is the only unified treatment of 
the field‘and combines theoretical models with consideration of 
public policy issues in the areas of antitrust, price regulation, 


environmental regulation, product quality, and workplace safety. 
February, 1989 712.pp. $45.00 





55 Hayward Street — | : 
Cambridge, MA 02142 The MIT P ress 
a a 
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Journal of Economic Development 


Welcomes unsclicited manuscripts | 
‘and subscriptions by Interested Parties 


ALAN RUFUS WATERS 


Califomia State University, Fresno e 


JANG H. YOO 


Virginia Commonwealth University 


SUK BUM YOON 
Yonsei University 


Managing Editor The Journal of Economic Development (JED) is 
IN KIE KIM published biannually in June and December since 1976 
Chung-Ang University by The Economic Research Institute of Chung-Ang 

_ Co-Editors: University, Seoul, Korea. The JED contains articles 
fates ill cape on a wide range of issues concerning economic 
CHOONG YONG AHN development, especially in LDCs with a particular 
Chung-Ang University attention to NICs members. ! 

Editorial Board: 
DALE W. ADAMS è The JED emphasizes empirical and policy aspects of 
Ohio State University economic development. Articles in the JED are 
ina es ahem Calfomia annotated by the American Economic Association in 
MASANORI HASHIMOTO the Journal of Economic Literature. 

. Indiana University 
LAWRENCE B. KRAUSE The JED has served as an important communications 
UC., San Diego vehicle among scholars and professionals i in 
YOUNG JOON LEE universities, governments, international agencies, and 
Pusant National University development research institutes of developing countries 
peters I. MCKINNON with deep interests in economic development i in general 
anford University ist D : 

F. L NIXSON as well as specific policy issues confronting them. 
University of Manchester 
JEFFREY B. NUGENT The JED pacsmes unsolicited manuscripts, which will be 
University of Southern Califomia considered for publication by the Editorial Board. The 
ATTIAT F. OTT. 7 Editorial Board consists of leading scholars in economic 
efile development. Three copies of the manusoript should be 
Chung-Ang University accompanied by an abstract of no more than 100 words 
HAK YONG RHE and a brief curriculum vitae including the author's 
Korea University academic career. All submissions should be typewritten, 
BYUNG NAK SONG double-spaced in English with footnotes, references, 
Seoul National University figures, tables and any other illustrative materials on 
U. TUN WAI 
Intemational Monetary Fund separate sheets. 


For subscription to the Journal (US$26 for individuals and 
US$46 for institutions per year), send a check or money 
order payable to The Economic Research Institute, 
Chung-Ang University, Heuksuk-Dong, Dongjak-Ku, 

Seoul 156-756, Korea. — 


Manuscripts and Editorial Correspondence , 


should be addressed to: 


CHOONG YONG AHN. 

Editor, The Journal of Economic Development 
The Economic Research Institute 
Chung-Ang University 
Seoul 156-756, Korea 


> x ; ` ` + 
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The International 
Economy _ 
Under Stress 





Norman S. Fieleke | 





“Norman Fieleke offers a remarkably 
hensive yet brief account of the world economy 
during nearly two turbulent decades. He covers the 
main developments — from oil shocks to U.S. 
deficits — in an integrated and illuminating fashion; 
and his treatment has the outstanding merit of being 
quantitative, thus putting into proper perspective 
the apparently contradictory qualitative arguments 
and interpretations that figure so heavily in public 
discussion.” 
— Richard N. Cooper 

Maurits C. Boas Professor of International 

Economics 
Harverd University 


“Fieleke’s book. admirably combines rigor of 
economic analysis with a refreshing clarity of style 
and organization. Throughout these chapters the 
treatment is balanced, sensible, and fair-minded. 
Students of the international economy could ask for 
no more instructive survey of contemporary issues.” 
— Benjamin J. Cohen 

William L. Clayton Professor of International 

Economic Affairs 
Fletcher Schoo! of Law and Diplomacy 
Tufts University 


September 1988 272 pages 
0-88730-224-6 cloth, $29.95 
0-88730-340-4 paper, $14.95 


YES! Please send me: 
The International Economy Under Stress 
Cloth (6611990) $29.95 
Paper (6613392) $14.95 
The U.S. Business Corporation (6613145) $34.95 
C] Payment enclosed O Bill me 
Charge my [MC O VISA O AMEX 


Card no. —— Exp. date 
SNAUE ea a a E a aa E a ee 
Send to: 

Zip 


The U.S. Business 
Corporation _ 
An Institution in Transition 


John R. Meyer and 
James Gustafson, Editors 


An American Academy of Arts 


_and Sciences Book 


“In the complacent era of the 1970s, 
the question was how to make the - 
U.S. business corporation more open 
and democratic. This volume still 
asks “for whom does the corporation 
toil,” but it also asks how to make it 
toil more effectively. Distinguished 
contributors from many walks of life 
help to answer these questions in a 
lively, readable fashion. Give a copy 
to each of your directors. The epilogue 
alone is worth the price.” 
— Louis Lowenstein 

Professor of Finance and Law 

Columbia University 

Author of What's Wrong with 


Wall Street 
November 1988 264 pages 
0-88730-354-4 cloth, $34.95 


=BALLINGER 





PUBLISHING COMPANY | 


Order Department 
` P.O. Box 1630 
Hagerstown, MD 21741 


My state sales tax $ 
Postage/handling 
($2.75/order)* $ 
*Prepaid orders are postage free! 
TOTALS 
Prices subject to change. All orders subject 


to credit approval. U.S. funds only. If you order 
by phone, tell the operator your order code is 


AAERI288 


` 
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The Editors of The AMEX Bank Review are pleased to announce the winners of the 1988 Essay Competition in 

International Economics and Financial Markets, in memory of Robert Marjolin. A former adviser to the Review, 

Professor Robert Marjolin was the first Secretary-Geneval of the OECD and former Vice President of the European 
i Commission, and was a leading architect of the European Community. ` 


The first three prize winning essays are now published in the Review’s Special Paper sertes, available from the Editors. 
All the essays will be published in early 1989, jointly with Oxford University Press. 


FIRST PRIZE $15,960 
William Emmott ' 
The Economist, London. 
“The Limtts to Japanese Pomer” 


SECOND PRIZE $5,000 

Allen Lenz 
Chemical Manufacturers Association, Washington D.G. 
“Slimming the US Trade and Current Account Deficits” 


YOUNG ECONOMIST PRIZE $2,006 
Menzie Chinn 
University of California; Berkeley, USA. 
“A Tale of Two Markets: Capital Market Integrity aud 
the Determination of Exchange Ratss” 


LATIN AMERICA PRIZE $2,060 
Alvaro Zini 

. University of Sap Paulo, Brazil 

“Brazil at the Crossroads: Foreign Debt and Fiscal Exhaustion” 


THIRD PRIZE $2,500 

Mark Mullins l 

London School of Economics i ` 

"Melidown Monday or Meltdown Money: Causes af the Stock Market Crash” 


MID-EAST/AFRICA PRIZE $2,000 
Phedon Nicolaides l . 

Royal Institute for International Affairs, London 

"Globalization of Services and Developing Countries” 


ASIA PRIZE $2,000 

Bejoy Das Gupta l 

Christ Church, Oxford University 

“Determinants of Exports from Developing Countries” 


SPECIAL MERIT AWARDS 
Special Merit Awards ($1,000) were given to: Roy Allen, St Mary College of California; Nicholas Butler, British 
Petroleum Exploration; David Cobham, University of St. Andrews (U.K); Joshua Greene, International 
Monetary Fund; Albert Hahn, EcoPlan International (Paris); Christopher Huhne, The Guardian (London); 
David Meerschwam, Harvard Business School; Anthony Saunders, New York University and Federal Reserve 
Bank of Philadelphia; Zvi Schloss, J. Rothschild Investment Management Ltd.; and Brian Tew, Loughborough 
atte University (U.K.). 


The Essays were judged by the Review Editors and a special Award Committee: Lord Roll of Ipsden (President, S.G. 

Warburg Group plc); Professor Peter Kenen, (Princeton University); Bruce MacLaury, (President, The Brookings 

Institution); Bahram Nowzad, (Chief Editor, International Monetary Fund): Kevin Pakenham, (Chief Executive, John 
Govett (> Co. Limited); Richard O’Brien, (Chief Economist, American Express Bank Ltd). 


Details of the 1989 Essay Competition (to be announced in early 1989) will be obtainable from the Editors at American 
Express Bank Ltd., 60 Buckingham Palace Road, London SWIW ORR 





® 
AMERICAN 
EXPRESS 
BANK 
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AEA sponsored — 


Group Life Insurance. 
-for you and your family- — 
at attractive rates! 


The AEA Group Life Insurance Plan can help provide s 
valuable supplementary protection—at attractive eae it a 
eligible members and their dependents. 

Because’ AEA participates in a large Insurance Trust 
which includes other scientific and technical organizations, the 
low cost may be even further reduced by premium credits. In 
the past. nine years, insured members received credits on 
their April 1 semiannual payment notices averaging 40% 
of their annual premium contributions. (These credits are based 
on the arnount paid during the previous policy year ending 
september 30.) Of course future premium credits, and their 
amounts, cannot be promised or guaranteed. ’ 

| Now may be a good time for you to re-evaluate your 
present coverage and look into AEA Life Insurance. Just fill out 
and return the coupon for more details at no obligation. 





Administrator, AEA Group Insurance a program i J-8 


1255 23rd Street, N.W. 
Washington, D.C. 20037 
Please send me more-information about the AEA Life Insurance Plan. 


Name 


rl 
© 


Address 
City at et Ae 


N 
© 
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Or—call today Toll-Free 800-424-9883 
(Washington, DC area, call 296-8030) 
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THE ECONOMICS INSTITUTE 


Gateway to Successful _ 
? Master's and Doctoral Degree Studies . 
in Economics, Agricultural Economics, Business and Administration 


Since its establishment in 1958 under the sponsorship of the American Economic 
Association, the Institute has provided specialized preparatory training and orien- 
tation to over 6,000 students from over 120 countries en route to over 320 universities 
in the United States and other ‘English-speaking countries. 


PROGRAM FEATURES 


e Six to forty-six week individualized programs. 

e Intensive and comprehensive review or supplementary preparatory training in: 
English, Computer Usage, Economic Theory, Mathematics, 

Statistics, Accounting, Management, Finance and Marketing. 

e Standardized test preparation (TOEFL, GRE, GMAT). 

s Orientation to U.S. campus and community life. 

¢ University placement assistance services. 

e Certificate and Diploma Programs for short-term professional trainees. 


END RESULTS for 


¢ Associated universities: Improved admissions procedures and a source of 
additional high-quality foreign students. : 


¢ Foreign students: Greater accessibility to U.S. universities. 
e Sponsoring organizations: Reduced total costs. 


¢ And for all three: Better grade performance records in degree programs and 
more rapid completion of degree requirements. 


' ORGANIZATION | 


AEA Policy and Advisory Board: 

Edwin S. Mills, Northwestern University, Chairman 
Lance E. Davis, California Institute of Technology 
Koichi Hamada, Yale University 

Joseph Havlicek, Ohio State University 

Teh-wei Hu, University of California, Berkeley 
Samuel A. Morley, Vanderbilt University 

Ray Marshall, University of Texas at Austin 

Stefan H. Robock, Columbia University 


Director 
Wyn F. Owen, University of Colorado 


The Economics Institute, 1030 13th Street, Boulder, Colorado, 80302, USA; 
Telephone: (303)492-3000; Telex: 450385 ECONINST BDR; FAX: (303)492-3006 
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South Africa Inc. 

The Oppenheimer Empire | 
David Pallister, Sarah Stewart, and Ian Lepper 
The first in-depth investigation of the powerful 
Oppenheimer family of South Africa, whose 
powerful cartel controls much of the world’s 
diamond, gold and platinum supply. The 
authors reveal for the first time the full dimen- 
sions of the Oppenheimers’ web of secret hold- 
ings, the extent of their economic and political _ 
power, and the fallacies behind:their carefully. 
cultivated anti-apartheid stance. 9 8” 
“A highly valuable contribution to our under- 
standing of the role of big business in South —_. 
Africa and its influence over the global econ-* 
omy.” —Leonard Thompson $25.00 


NEW PAPE 


In Whose Interest? 
International Banking and American 

Foreign Policy 

Benjamin J. Cohen 

The first detailed study of the relationship 
between the American banking community and 
government policymakers. | 


“Could well become a classic commentary on 
international finance today. . . . Providesa ` 
clear and convincing diagnosis of the main 
‘ways that finance and foreign policy affect one: 

_ another.” —Edward L. Morse, The New York 
Times Book Review $12.95 ; p 
A Council on Foreign Relations Book 


Biotechnology: The | 
University-Industrial 
Complex - 

Martin Kenney | 
-| “Kenney’s work is the first major effort to pro- 

. | vidė a detailed analysis of the birth of the new 
industrial field of biotechnology and its impact 
on universities. . . . Kenney’s book bead i 
in rich description and valuable conjec- _ 
tures. It also provides important insights into » 
the structural and institutional aspects i 
of the biotechnological revolution.” 

Ei Krimsky, American Scientist 
12.95 
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The Evolution of Policy 
Behind Taiwan’s 
Development Su 
K. T. Li 


with introductory essays by Gustav Ranis 
and John C. H. Fei 


A high-level minister who was one of the main | 
architects of organizational and policy change 

in Taiwan analyzes the success of Taiwan’s 
economic development over the past forty 


ccess 


. years. K. T. Lrs account provides insight into 


the institutional underpinnings of a successful 
development experience and draws conclusions 


_ about the features of Taiwan’s development 
: __ that could be instructive for other developing 


countries. $25.00 | 
RBOUNDS 
Common Decency 


eagan 
Alvin L. Schorr ; 


_ with a chapter by James P. Comer 


Planner, educator, and activist Alvin Schorr 
presents an incisive critique of Amierica’s social 
policies under the Reagan administration and 
offers clear, reasonable, and workable proposals 
for improving policies in. income distribution, 
housing, health, and education.’ -` ` | 

“A provocative and stimulating discussion.” 
—Alan Shank, Perspective . $9.95 . 


Leadership at the Fed 


Donald F. Ketti 


- A political history of the Federal Reserve Board 


and of the men who guided its growth into the 
national and international force it 
is today. © sod 

“In this extensively researched book, Donald F. 
Kettl. . . . confirms beyond a doubt that since 
its inception in 1913.the Federal Reserve has 
become a paramount power in the making 
of economic policy... . : Authoritative.” 
—Lawrence A. Veit, The New York Times 
Book Review $11.95 

Yale University Press 

Dept. 846 , 

92A Yale Station 

New Haven, CT 06520 


yá 
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= The 
Economic 
Side 


Protectionism 
Jagdish Bhagwati 
“Bhagwati's lectures on protec- 
tion... combine modern eco- 
nomic analysis, profound insight 
into-the political pressures work- 
ing for and against a retreat 
from the 40-year march to freer 
trade, and his accustomed wit 
and brilliance.’ — Charles P. 








sh Bhagwat! 
Jagdish Phage 


“A ‘tour de force’?’ 





Kindleberger, MIT 
Iiustrated $16.95 —Paul A. Samuelson a 
Exchange Rates and inflation Stabilization 
Inflation Hana si le nf pane, i 

rgentina, Brazil, Bolivia, an 
Rudiger Dornbusch Mexico i 
Brings together for the firsttime, Michael Bruno, Guido Di: 
the writings that form the basis 
of Rudiger Dornbusch’s contri- - hali tran gota arnbusch, 
bution to open economy macro- NG otaniey riscner 


economics and exchange rate 
theory. ` 
$27.50. | 
Privatization 
An Economic Analysis 
John Vickers and 

- George Yarrow 


Offers a comprehensive analy- 
sis of the British privatization 


program, along with insights into — 


recent policies on privatization, 
competition, and regulation: in 
that country. 

$39.95 


Provides a critical analysis of 


the disinflation programs intro- 


duced in four.countries in 
1985—86, and discusses the 
possibility of such a program in 
Mexico. 

$27.50 
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The Theory of industrial Organization 


Jean Tirole 
The first primary text to treat the new industrial organization at 
the advanced-undergraduate and graduate level. Rigorously 


. analytical and filled with exercises coded to indicate level of © 
difficulty, it- progra a unified and Moca treatment of the 
field. 
$35.00 





Now Available in Paperback 


The Evolution of _— Policies for Prosperity : 


Central Banks ~=. Essays in a Keynesian Mode 
a | edited by Peter M. Jackson 
Many economists havo chal: eaited ny 
.lengēed the value of central __Inthese accessible and timely 
‘banks, but Charles Goodhart . essays, James Tobin shows ee 
provides an authoritative and: how Keynesian economics offer 


corrective treatment for the eco- ` 


original approach in applying nomic ailments we have faced in 


the considerable insights of 


history to concerns of current the Ford; Carter, and Reagan 

policymaking. presidencies. i 

$11.95 paper ($22.50 cloth) $14.95 paper ($35.00 cloth) 
The International - NBER 

Monetary stem Macroeconomics 

Essays in World Economics ©. Annual 1988 


Richard N. Cooper 
Unless exchange rate uncer-: 
tainty is reduced, Cooper fore- 
sees growing restrictions on 
trade and capital movement. in 
this incisive book, he offers a 
solution to this crucial problem. 
$9. 95 paper ($32.50 meee, 


_ edited by Stanley Fischer 
$14.95 paper ($30.00 cloth) 


CN EEEE 
acds The MIT Press 
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JAPAN, INC. 


Introduction to Japanese Economics 
|: The Comic Book) 
| SHOTARO ISHINOMORI 
With an Introduction by PETER DUUS 
‘New in cloth and paper — |, 
“At last: a book that makes Japani s economy seem simple.” 
| | —Newsweek 
“Now Americans seeking clues to how Japan views itself, the 
_ United States and economic issues generally can see for them- 
selves.” —New York Times 
“Behind the bright, jokey cover, and woven into the plot's 
salacious diversions to strip shows in the Ginza and blackmail at 
an S&M brothel, is serious writing on political economics.” 
—San Francisco Examiner 
$25.00 cloth, $10.95 paper 





IMMIGRANT 7 OUR DAILY BREAD 
ENTREPRENEURS The Peasant Question and 


. Family Farming in the 
Koreans in Los Angeles, Colombian Andes 


1965-1982 
IVAN LIGHT ond EDNA BONACICH fp NOL“ REINHARDT 


This book offers the most comprehensive case Our Daily Bread makes a valuable contribution 
study ever completed of the causes and con- to development studies by tackling head-on 
sequences of immigrant business ownership.. the current debate over the persistence of the 
Analyzing both the short-run and the long-. family farm. Reinhardt examines the | 
run causes of Korean eoe pr emeur Ane dynamics of family farm agriculture and 


authors explain why the Koreans co 
acquire, od aperate small business firms analyzes the impact of national policies on its 


more easily than could native born residents. Competitive position in a southwest Andean 
$45.00 community. _ ee 7 ; $35.00 





New in paper— 


PROSPERITY AND UPHEAVAL Es | 


The World Economy 1945-1980 
HERMAN VAN der WEE 


“A. monumental book, in which the author surveys masterfully, yet with a light touch, the whole of 
the world’s economic development from the end of the war to c. 1980.”—-Economic History Review 


. j 5 
“A useful survey of the theories'of economic growth and development. It will also be valuable in 
broadening the perspective of Americans, since Van der Wee. . . has a European orientation.” 
—Library Journal 
$14.95 paper 
At bookstores or call toll-free 800-822-6657. Visa and MasterCard only. 


University of California Press o seikeley 94720 
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Economics has more to offer 
than free market economics, 
mathematical abstrusity, and 
the Marxist paradigm... 

If you DISAGREE, do not read further! 


If you AGREE, consider teaching a course in your 
department that uses: * 


Economics as Social Science: 
An Evolutionary Approach 


Wendell Gordon The University of Texas, Austin 
an 
John Adams The University of Maryland, College Park 


Economics as Social Science is a new and modern exposition of the ideas of evolutionary (American 
institutional) economics. The book is a useful and stimulating introduction to the methods and theory 
of contemporary institutional economics. Gordon and Adams contrast the evolutionary approach with 
standard ‘microeconomics and macroeconomics, and with Marxism. As a text, Economics as Social 
Science may be used in courses in non-orthodox and heterodox economics, or economic ideas. 


If you are UNDECIDED, answer the following true-false questions: 1. The institutions, technology, 
and values of society do not change, as orthodox economic theory usually assumes. (FALSE) The world 
in which we live is a dynamic, changing place. 2. People are driven exclusively by rational gain 
considerations (profit and utility maximization), as conventional economists assume. (FALSE) 
Managers and consumers act on the basis of complex motives which they themselves do not fully 
understand. 3. Firms usually operate under conditions of perfect competition, as standard price theory 
alleges. (FALSE) `- Oligopolies are widely prevalent and it is difficult to identify even one major 
competitive industry in the modern American economy. 4. Economics increasirigly resembles formal 
mathematics rather than a science of society. (TRUE) Orthodox economics uses intricate and opaque 
geometry, algebra, and calculus to try to prove its recondite arguments. 5. Economics is purely 
“positive” and “value free.” (FALSE) : Economics is a social science dealing with human behavior and 
has an obligation to explain how people’s values arise and change. 


About Examination Copies: 


If you AGREED with the initial proposition, or if you answered correctly three or more of the true-false. 
questions, then you are invited to request an examination copy of: 


Economics as Social Science: An Evolutionary Approach 
| Wendell Gordon’and John Adams 
Cloth $33.00 ($25.00 for classroom use) ISBN: 0 913215 38 4 


THE RIVERDALE. COMPANY, Publishers 
5506 Kenilworth Ave. - #102 - Riverdale, Maryland 20737 - (301) 864-2029 
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New from- 3 
Cambridge University Press 


The Economics of Imperfect Information 

Louis Phlips 

Provides the first systematic textbook presentation of new microeconomic theories 
based on imperfect information. Each chapter explores a particular type of informational 
asymmetry and reviews the main contributions, from the seminal papers of the late 


1960's through the most recent developments. 
Paperback about $14.95 


The Consequences of Economic Khetoric 

Edited by Arjo Klamer, Donald McCloskey and Robert M. Solow 

This volume presents.the results of a conference at Wellesley College, involving theoretical 
and applied economists, that explored the consequences of the rhetoric and the conver- 
sation of the field of economics. 

Contributors include: Donald McCloskey, Arjo Klamer, Stanley Fish, Robert M. Solow, 
Robert L. Heilbroner, Rick Wolff, Stephen Resnick, A.W. Coats, Robert W. Clower, Cristina - 
Bicchieri, Phil Mirowski, E. Roy Weintraub, Frank Denton, Nancy Folbre, Heidi Hartmann, 


Craufurd D. Goodwin, James Gallbraith, Robert O. Keohane, David Warsh. 
Hardcover $39.50 ° 


Preference, Production and Capital 

Selected Papers of Hirofumi Uzawa 

Hirofumi Uzawa 

Reviews various topics in economic theory, ranging from preference and consumption, 
duality and production, equilibrium, capital, and growth to the theory of social overhead 
capital. 

pardectes $49.50 


Cournot Oligopoly 

Characterization and Application 

Edited by Andrew F. Daughety 

Celebrating the 150th anniversary of Cournot’s work, which Mark Blaug has character- 
ized as “a book that for sheer originality and boldness of conception has no equal in the 
history of economics thought...”, this volume focuses on the properties and uses of 
Cournot’s model of competition among the few. 
Contributors include: Andrew F. Daughety, Joseph Bertrand, John Nash, William 
Novshek, James W. Friedman, Roy Radner, Charles A. Holt, David M. Kreps, Jose A. 
Scheinkman, Xavier Vives, Paul Klemperer, Margaret Meyer, Hugo Sonnenschein, Esther 
Gal-Or, Thomas R. Palfrey, Stephen W. Salant, Sheldon Switzer, Robert J. ye John 


Vickers, Robert H. Porter, James A. Brander, Tracy R. Lewis. 
Hardcover $54.50 


Macroeconomics Policy Analysis 

Open Economics with Quantity Constraints 

Michael P. Amos 

An introduction to the concept of public sector rationing in asset markets, this book 
provides a modern non-Walrasian framework that could serve as the basis for macro- 


economic policy analysis. 
Hardcover $27.95 
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New: from 
Cambridge. University Press 


Axiomatic Theory of Bargaining v with a 1 Variable 


Number of Agents 

William Thomson and Terje Lensberg 

An extrapolation on the Nash (1950) treatment of the bargaining eget to analyze the 
situation where the number of bargainers may vary, this book provides axioms to specify 
how solutions should respond to changes. It also provides new characterizations of all 


the major solutions as well as the generalizations of these solutions. 
Hardcover $39. 50 


Statistical Games and Human Affairs 

The View From Within 

Koger J. Bowden 

The book covers such problems as learning, publication, non-response, time 
inconsistency, and the existence of probabilities. Also included are discussions of 
attitude management, political polling and econometric eae under heterogeneous 


information. 
Hardcover $44.50 


—_ a 


Macroeconomic Interactions Between 


North and South 
Edited by David Currie and David Vines 

` These proceedings from a September 1987 conference organized by the Centre for 
Economic Policy Research and the International Economics Study.Group focus on the | 
strategic aspects of North-South interactions. The.authors.include some leading . 
contributors to the growing literature on strategic interactions among interdependent | 


economies. | 
‘Hardcover $49.50 


_Natural Monopoly Kegulation 
Principles and Practice 
Sanford V. Berg and John Tschirhart 
Develops a comprehensive framework for evaluation regulatory policies toward natural- 
monopolies. After a brief historical overview of regulatory economics, the book provides 
analyses of optimal pricing and investment for natural monopoles and examines natural 
. Monopoly regulation in practice. ie 


_ Cambridge Surveys of Economic Literature 
About $59,50 a 


Sh or 
x 


International Economic Sanctions 
‘Improving the Haphazard U.S. Legal ll gi f 

| Barry E. Carter l 
“This book presents a path- eaa analysis of the entire field of U. S.. laws Seana with 
economic sanctions. It is distinguished in its comprehensive scope and as unique as a 
contribution to the scholarly literature.” — Phillip R. fie, UCLA Law School, Former 


Assistant Legal Adviser, Department of State 
Hardcover $34.50 
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New from 
Cambridge University Press 


Optimal Control, Expectations and Uncertainty _ 
Sean Holly and Andrew Hughes Hallet | 
The authors analyze the rational expectations revolution and discuss how the 
developments in economics, notably game theory, have greatly enhanced our 


- understanding of how an economy functions and have made it possible for optimal 


control theory to be applied much more effectively to economic ee and planning. 
Hardcover about $54,50 


} 


Axioms of Cooperative Decision-Making 
Herve Moulin 
Discusses problems of fair division, equitable cost-sharing, division of a joint benefit or 


_ the choice of a truly democratic voting rule and other heterogeneous subjects linked by 


common axioms. 
Hardcover $49.50 


Socialist Planning 
Second Edition 
Michael Elliman 


4 
; 


- The text takes full account of decollectivization in China, perestroika and the Gorbachev 
` reforms in the Soviet Union, the Polish economic crisis of 1979-82 and recent theoretical 


work by economists in Hungary, China and the Soviet Union. - l 
Paperback about $19.95 


Village Republics e3 
Economic Conditions for Collective Action i in South India an 
Robert Wade 


Robert Wade’s book is an important contribution to current debates about the problems 
of rural development in India and, more generally, about the capacity for collective 


- action that exists within peasant societies. 


Hardcover $44.50 


OPEC 


25 Years of Prices and Politics . 
fan Skeet 
This book looks at the: history of OPEC, and the political and economic events that have 


-shaped the organization and the world economy since its creation in 1960. it covers the 


background, the critical years of 1970-73 through its efforts to run a cartel in the 1980's. 
Cambridge Energy Studies 
Hardcover #29: 95 


Search Models and Applied Labor Economics 


Nicholas M. Kiefer and George R. Neumann 

Marks the development of empirical application of the search approach to labor 
economics. Included are econometric issues such as estimation and specification of © 
search models for wages and unemployment duration, continuous time models of 


turnover, and identification of structural parameters. 
Hardcover $47.50 


i 
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-New kom- 
Cambridge University Press 


Governing Economy 

The Reformation of German Economic Discourse 1750-1840 

Keith Tribe 

This book reviews the distinctive features of the development of German economics and 


draws attention to its evece romi the Anglo-Saxon tradition. 
Hardcover $44.50 


Tax Reform in Disequilibrium Economics: 
Serge Wibaut = 

An analysis of the theory of optimal taxation within a disequilibrium framework, the 
book develops a model that is tested, then used to identify and numerically estimate 


desirable directions for tax reform in a specific macroeconomic context. 
Hardcover about $39.50 


A Microtheory of the Japanese Economy 
Information, Incentives and Bargaining 
Masahiko Aoki 


Provides systematic descriptions of microeconomic institutions in the Japanese 
economy and interprets their workings in terms familiar to Western economists. The 
author critically examines some conventional notions about the microstructure of the 
market economy that have strongly snapga and influenced the economists’ approach 


to industrial organization. 
About $34.50 


Conceptual Anomalies in Economics and Statistics 
Lessons from the Social Experiment — 

Leland Gerson Neuberg - 

Explores anomalies in the conceptual basis of social control experiment andin 

the foundation of statistics and economics. Concludes that social experiments 

are an overrated tool for social policy improvements and that anomalies prevent 
microeconomics and statistics from providing a coherent understanding of human 


social behavior. 
$54.50 


Keduced Worktime and the Management 


of Production 

` Chris Nyland 

Examines the tendency.in market economies to reduce the time workers spend at their 
place of employment and considers the role scientific management has played in this 
development. Contends that the changing nature of worktime can be explained by 
changes in both the capitalistic production process and the demands that this process 


places on the psycho- physiological capacities of human beings. 
About $29.95 


At bookstores or order from 


Cambridge University Press 


32 East 57th Street, NY, NY 10022. Cam bridge toll-free numbers for orders only: 
800-872-7425, outside NY State, 800-227-0247, NY State only. MasterCard and Visa accepted. 
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ECONOMICS FROM CHICAGO 


ALLOCATION OF INCOME WITHIN. THE HOUSEHOLD 
Edward P. Lazear and Robert T. Mitchell 


Lazear and Michael develop an important new economic model of income distribution within the family, 
one that attempts to determine which family characteristics affect spending patterns. They also explore their 
study's implications for the process of determining child support payments 
in households that dissolve. 

Cloth $34.95 228 pages tables throughout 


MISALIGNMENT OF EXCHANGE RATES 


Effects on Trade and Industry 
Edited by Richard C. Marston 


Contributors investigate the causes of misalignment and the extent to which observed movements 
in real exchange rates can be attributed fo misalignment. These studies are conducted both empirically, 
through the experiences of several countries, and theoretically, through models of imperfect competition. 


Cloth $37.50 336 pages 66 line drawings, 52 tables 
An NBER Project Report 


‘CHICAGO STUDIES IN POLITICAL nr; 
Edited by George J. Stigler 


"There is no question that a well-defined ‘Chicago Schoo! of political economy has emerged, built 
largely around the work of George J. Stigler and his colleagues. Chicago Studies in Political Economy 
brings together the key works in this field, works that have been extremely influential! among economists 
who study political processes. It is a collection of enormous value.” 

--Roger G. Noll, Stanford University - 


Paper $19.95 664 pages tables throughout 
Library cloth edition $60.00 


_ THE UNIVERSITY OF CHICAGO PRESS | 
5801 South Ellis Avenue, Chicago, IL 60637 
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ECONOMICS 


THE 

RATIONAL 
CHOICE IS 
THE NATIONAL CHOICE 


tonomis 
Second Edition 


Martin Bronfenbrenner 

Aoyama Gakuin University, Japan 
Emeritus, Duke University 

Werner Sichel and Wayland Gardner 
Both of Western Michigan University 


Complete Hardcover Edition + 828 pages 
Two-volume Paperback Edition: 
Macroeconomics « 460 pages 

- Microeconomics - 556 pages 


Study Guide and Test Bank by Rose 
Pfefferbaum, Mesa Community College 
Instructor’s Manual « Transparency Masters 
Color Transparencies • MicroStudy: 
Computerized Study Guide « MicroTest: 
Computerized Test Bank ¢ Call-in Test 

_ Service « Color Graphics Software 
GPA: Grade Performance Analyzer » PC 
Economics: Interactive Graphing Software 
and Workbook « 1987 





For adoption consideration, request an examination 
package from your regional Houghton Mifflin office. 


Houghton Mifflin 
13400 Midway Rd., Dallas, TX 75244-5165 
1900 S. Batavia Ave., Geneva, IL 60134 


925 E. Meadow Dr., Palo Alto, CA 94303 
101 Campus Dr., Princeton, NJ 08540 
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Timely Economic Analyses from Lexington Books 


The Enlightened Soclety 
The Economy with a Human Face 
Kurt F. Flexner, Memphis State University — 
Foreword by Lawrence R. Klein 

In this thought-provoking and readable . 
book, Flexner searches for a more realistic 
understanding of the economic process 


within the total framework of human 


activity. 
0-669-19930-3 336 pages. 
December 1988 tent. $39.95 


Issues In Pricing 
Theory and Research 
Timothy M. Devinney, Vanderbilt 
University, editor 

This comprehensive volume examines 
important new research and theory in the 


` applied field of pricing strategy, in which 


pricing is viewed as a strategic decision 
variable. 


0-669-13215-2 432 pages 1988 $55.00 


Food Processing An Industria! 
Powerhouse in Transition 
John M. Connor, Purdue University 
This outstanding new book thoroughly 
examines the growth and economic 
development of U.S. commercial food 
processing activity from 1963-85. 
0-669-19511-1 496 pages 1988 $50.00 


Recent Developments In 
international Banking and 


Finance Volume il 
Sarkis J. Knoury, University of California, 
Riverside, and Alo Ghosh, McKinsey & 
Co., editors 

A dynamic look at the latest issues, ideas 
and problems in internationa! banking and 
finance, providing thoroughly up-to-date 
coverage of critical new and continuing 
areas of concern. 


0-669-16197-7 432 pages 1988 $59.00 


Lexington Books 


125 Spring Street 
Lexington, MA 02173 
Call Toll Free DE Heati 


Beyond Free Markets 
The Revival of Activist Economics 
Marc Levinson , 

in a clear, non-technical presentation, 
Levinson explains the shortcomings of 
previous policies and makes a rigorous case 
for applying new activist ideas to the most 
pressing problems facing the U.S. and world 
economics. 


0-669-16971-4 224 pages 1988 $19.95 


Cooperative Research In U.S. 
Manufacturing 
Assessing Policy Initiatives and 
Corporate Strategies 
Albert N. Link, University of North 
Carolina at Greensboro, and Laura L. 
Bauer, Quick, Finan and Associates 

This ground-breaking book is the first to 
analyze cooperative research among firms: ` 
what types of firms participate in these 
research relationships; their motives; and the 
economic consequences of cooperative 
endeavors. 
0-669-16969-2 160 pages 
December 1988 tent. $29.00 


Japan's Economic Strategy in 
Brazil 
Challenge for the United States 
Leon Hollerman, St. Olalf College 

in this innovative and perceptive book, 


noted Japanologist Leon Hollerman uses 


Japan’s partnership with Brazil as a case 
study of Japan’s challenge tc the leadership 
and competitive position of the U.S. within 
a third country. 


0-669-17428-9 304 pages 1988 $41.00 


Transnational Corporations and 
China’s Open Door Policy 
Teng Weizao, Nankai University, China, 
and N.T. Wang, Columbia University, 
editors 

This comprehensive volume explores 
important issues, theories and experiences 
which illuminate the emerging symbiosis 
between transnational corporations and 
China, in the new era of its Open Policy. 
0-669-16967-6 304 pages 1988 $45.00 
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ySTAT.. 





e ySTAT is the only full-fledged spreadsheet statistical program - 
a fast, powerful, easy-to-use stand-alone program. 


© Menu-driven format as in Lotus 1-2-3 - offers many functions 
that area not available even in 1-2-3, such as vector formulas, 
lagged variables, dummy variables; moving averages, and 
interpolation of missing values. 

® You can read, emer, edit, copy, move, and sort the data as well 
as group and partition the data for analysis right on the spread- 
sheet. A total of 40 function keys for one-keystroke operations. 


@ Ten statistical function keys: ta tally sums and means; 
subtract varlable means or seasonal- means; standardize the 
data; aggregate seasonal data; generate seasonal indicators; 
perform moving averages, linear trend foracasts, and so on. 


© ySTAT reads 1-2-3 and Symphony worksheet files 
directly, and any free-format or fixedformat textile generated 
by other PC programs or downloaded from mainframe. The data 
can be numeric, aiphabetle, including missing values. 


© Mean, median, quartiles, skewness, mode, t-test, frequency 
distribution, correlation, crosstabs, analysts of variance. 


© Multiple regression (OLS), standardized regression, weighted 
least squares, two-stage least squares, polynomial regression, 
and Cochrane-Orcutt method. including diagnostic residual 
analysis output (see sample at right}. 


@ Pooling of cross-section and time-series data. 


© Two-sample differance of means test, nonparametric testa 
(Kolmogorov-Smimov test, Wald-Wolfowitz runs test, Mann- 
Whitney test, Wlicoxon matched-pairs signed-ranks test) and 
Spearmans's and Kendalfs rank-order correlations. 


@ Time-serles models: autoregressive model, moving average 
model, and Box-Jenkins model. 


© Nonseasonel forecasts: linear rend. quadratic trend, poly- 
nomial modal, sinusoidal model; simple, double and triple 
exponential smocthings. 


© Seasonal forecasts: exponential smoothings with: seasonal 
Indicators or with trigonometric functions; Winters’ additive and 
multiplicative procedures. 

© LOGIT, PROBIT, TOBIT, and Weighted Probit regressions: 
these models are twke as fast as Gauss program and faster 
than other programs and are much easier to use. 


High-resolution color charts : the actual and forecast values are 
graphically displayed-as a line chart and also as an XY chart, 
including a regression line and its 95% confidence inte val. 


Actual Versus Fitted 


For IBM Personal Computers 


Integrates 


SPREADSHEET + STATISTICS + FORECASTING + GRAPHICS 
and is Easy to Use. 


OLS -- DEPEMOERE VARIABLE: Consurpt 


1 
RISET- RAHN ESTIMATED STANDARD T_STATISTIC PROB. . 
VARIABLE COEFFICIENT ERROR | 
I pProtits O.1$2934308% t 9.02121} T= $: 41527 0.045 i 
2 p- Q. 889564899 t 0.090865} T= 2.99156 6.135 
ł wen? 8. 7%€238759 { 0.03994} T= 39.93342 &.050 
4 Constant LE. 2ISSOOZIQ { 1.30270} t= 22.46382 8.686 
ZANPLE Sige{ to 21} = 21 {Dr=17} 
SUM OF SQUARED RESIDUALS = 17.979449 
VARIANCE {M3E) = 1.051732 
STAHDARD ERROR (ROOT NSE) = 1.025540 
R-SQUARED = 9,981008 
ADIOS R-SQUARED = 0.977657 
F<STATISTIC( 3, 17) = 292.707595 (p=0.0004)} 
SON OF RESIDUALS = -0.000000 
DOASIN-WATSON STATISTIC = 2.367474 
Analywia of Variance! Source SUM 89 or MEAN 30 
tOue to Regression f 323 “ane, 34 307.850} 
Residual | it i7 41.0524 
Zotaj $41. ti 29; 4? 721i 


BESTIOUAL AWALYSI# itoan: -0.000 ` 





O | tee eee 








Fu ne aranna sananen È 


Aad. RMSE: 0.946 Mann Abs. $ grz: 1.283 


ADTOCORAKIATIONS 

LAJ COET  T-VAL 36h ipa m enee eaaa a LAG 
1 0.10, 0.33 | 1>>>>>>>>>> 1 1 

2 -0.059% -0.27 | << | 2 

3 -0.033 ~G.15) | << J 3 

4 ~0.157 ~0.69 | RKKEKK KE i 4 
5 -0,411 LBL heeded cence cence eeecce l 5 
a ie eee rra aja neee aie Gj mea epee te marps rw paee emea LG 


Ljung- Sog statistic (chi-square 4 DP): 6.688 (p=0.1527} 
PARTIAL AUSIXSCOMRELA LECH 


IAG <€ T-VAL a re eed eo ITY emer ee a aan fn O E LAG 
i O.28% 3.63 i }>>>>2>>>>2 i i 
2 -0.055 -0.44 } <eeeee? - i 2 
3 -0.004 -0.02 i i ł 3 
4 -0.162 -0.74 | ceccceseccci 1 4 
5 -0.37% ~1.73 jcececcececceeececeeeceerecc] 1 5 

sien ttre drone sore tarde Qa nen neem aan pn ae winsome dame amea LG 
ACTUAL veros FITTED VALUES asd DESTOUALS 
SEQ Actual Fitted min=41.$00 71. 2s Urwr 
(^) (+) ae repent ie ares irae ree fram me dram de ate -+ 
1 41. 42.22 |0 7 0,324 | <: l 
3 43.20 50.77 | * + | ~1 586 ao I 
4 $0.60 51.03 | t -0.444 : t 
5 52.60 52.5% ł t 9.006 | 3> | 
$ 85.10 54.23 } +t } O.969 } 13> 
7 $6.26 54.8€ } + * i 1,338 į 1>}Y 
$ $7.30 56.25 j +* i 3.055 f 2>> Í 
? 87.868 5.33 j + j -0.94% § cci H 
16 $5.00 54.72 } 8 j 0.282 | => | 
1i $0.99 51.13 7 a 1 0.230 | <: 
12 45.60 45.92 | + { 0,3 | <: l 
13 46,56 46.18 | | | 0.322 | 3» | 
14 4a,70 40.76 | | ] -0.9% | < l 
15 51.30 51.33 | b | -0.035 | <: l 
16 57,70 56.08 | +9 l 2.616 | :>>>[ 
17 50.70 59.14 | b4 I =O.496 | c: l 
18 57.50 37.23 | L] l 0.210 | I> | 
15 61.60 60.61 | +* | 3.989 | 1>> 
20 65,00 64.21 | +* | 0.785 | 12> | 
21 69.70 71.87 | + +j 2.173 etc: li 
{*} t+} te en he nate ae pene fone ar ff rere i eon t+ 


RISE OF COLLIERS - STUCERLE ERD RESIDCALS GRIATER TUAW 1.30 








Brg actusi Fitted Residual Std. Err Student ised Pabbi ‘ 
. Residuals 
3 49.20 50.77 “1.566 0.967 -1.519 0.32 
T E t T 56.08 1.616 0.958 11687 07140 
21 69.70 71.87 -2.179 0.780 -2.787 0.033 


death vie ee a tee eee ee ee at meae NAN A rt a ie ee oe re ee et inte ee Ee ee a 





MING TELECOMPUTING INC. 


23 Oak Meadow Road, P.O. Box 101, Lincoln Center, MA 01773, U.S.A. 
Payment: ( ) Check or money order. 


Order; ( ) ySTAT for $395. ( )ySTAT/Medical for $395. 
( ) Trial Disk and information/sample output for $5. 
( ) Inforznation/sample output. 
Sysem: ( ) IBM PC ( )XT.( JAT. ( }System 2 Model___ 
( ) Other system oN 
Options: ( ) with 8087 ar 80287 or 80387 math co-processor. 
( ) IBMCGA { )EGA (_) Hercules Mono. Card 
Type of printer or plotter 


Name 


(617) 259-0391 


( ) U.S. university ar governmental purchase order. 
( ) Vise. ( JMC Card No. 


Expir. das / 


Address 





Telephone: ( ) 


IBAA is & roginterod trademark of btternctional buainess Machines Corp.; 1-2-3 of Lotus Daveiopmert Corp.; Gauss of Aptech Systeme, inc. 
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The Best of 1988 and 1989 : 
| X 
ECONOMICS: THEORY 


AND PRACTICE, 3/E 
Patrick J. Welch and Gerry F. Welch 


ECONOMICS, 5/E 

{also available in Macro and 
Micro volumes} 

Edwin G. Dolan and David E. Lindsey 


MICROECONOMIC 
THEORY: BASIC 
PRINCIPLES AND 
EXTENSIONS 


Waiter Nicholson 


FUNDAMENTALS 

OF MANAGERIAL 
ECONOMICS, 3/E 
James Pappas and Mark Hirschey 


THE PRICE SYSTEM 
AND RESOURCE 
ALLOCATION, 10/E 

-Ross D. Eckert and Richard H. Leftwich 


THE ECONOMICS OF 
LABOR MARKETS AND 
LABOR RELATIONS, 2/E 


Bruce E. Kaufman 


THE WORLD ECONOMY: 


TRADE AND FINANCE 


Beth V. Yarbrough and Robert M. Yarbrough 


GOVERNMENT AND THE 1 


MARKETPLACE, ‘2/E 


Peter Asch and Rosalind S: Seneca 


THE ANTITRUST 
CASEBOOK: 
MILESTONES | 
INECONOMIC. . 
REGULATION, 2/E 


William Breit and Kenneth Elzinga 


COMPARATIVE 
ECONOMIC SYSTEMS 
H. Stephen Gardner 


AMERICAN ECONOMIC 


HISTORY, 2/E 


Robert C. Puth 


MACROECONOMIC 
DECISION MAKING IN 
THE WORLD ECONOMY: 
TEXT AND CASES, 2/E 
Michael G. Rukstad 


MONEY AND EA | 


A MARKET-ORIENTED 
APPROACH, 3/E 


Ivan C. Johnson and William W Roberts 


MONEY, BANKING AND 
MONETARY POLICY 


Colin D. ‘Campbell Rosemary G. SAPON 


and Edwin G. Dolan 


© f ) THE DRYDEN PRESS | 
908 North Eim Street, Suite 101, Hinsdale, IL 60521 
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Announcing a New Journal and Call for Papers 


ath lima 


SEOUL JOURNAL 
OF ECONOMICS 


ng ty a a Poia 


Camme ee eta tnt tos Rene 


ARESA SIRKY 





i Editor 
SOON CHO 


Seoul National University 


Co-editor 
SHIN-HAING KIM 
Seoul National University 


Board of Editors 

HYUNG-Yoon BYUN 

BYUNG-KWON CHA ~ 

| SEUNG-SOO HAN 

. WONTACK HONG 

' KI-JUN JEONG 

` JAE-YOON PARK : 

. Seoul National University 

| (GARY S. BECKER 
University of Chicago 

JEAN C. BENARD 
University of Paris I 

JAMES A. MIRRLEES 
Oxford University 

- TAKASHI NEGISHI 
University of Tokyo 

JEFFREY D. SACHS. 
Harvard University 


in association with Institute 
of Economic Research, 
Seoul National University 


Director 
` Woo-HEE PARK 


SEOUL _ 
JOURNAL 
OF | 
ECONOMICS 


Seoul Journal of Economies is designed to provide 
an outlet for research on all aspects of economic de- 
velopment (covering cultural, historical, and sociolo- 
gical approaches), specially focusing on the econo- 
mic development of East Asia. The journal also 
seeks to publish recent theoretical developments in 
all specialized fields- of economics as well as rigor- 
ous empirical works: 

Some of the papers featured in the first volume are 


Ronald I. McKinnon and Kenichi Ohno 

Getting the Exchange Rate Right: Insular vs. Open 
Economies 
Myoung-Kyu Kang l 

The Growth -of Peromies Profession in Korea. 
Paul Burrows and Gary Yohe 

Monopoly Power and the Optimal Control of Ex- 
ternal Costs 
Jeffrey D. Sachs 

Prospects for Global Trade Imbalances: A Simula- 
tion Approach 


Submission of Papers should be addressed to Edi- 


_ tor, Seoul Journal.of Economics, Institute of Econo- 


mic Research, Seoul National University, Séoul 151 
-742, Korea 7 


Subscription rate: 
[] Individuals US $20.00 [Institutions US $40.00 
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ORDER FORM 
Payment is enclosed~Cheque ( ) Money Order ( ) 


Address: Street no. 
City State 
To order please mail this coupon. 
Make cheque or money order payable to 


Seoul Journal of Economics 
INSTITUTE OF ECONOMIC RESEARCH 


SEOUL NATIONAL UNIVERSITY 
Seoul 151-742, Korea 


Please mention THE American Economic Review When Writing to Advertisers 


xiy 


GENERAL EQUILIBRIUM MODELS 
FOR MICRO-COMPUTERS — 


GEMODEL.USA 


A large-scale general 
equilibrium model of the 
U.S. economy 


The package is completely menu- 


driven and accomplishes every., 


‘job from data entry through 
consistency checks, calibration 
and policy changes to solution 
and report printing. 


The -model can be used to 
analyze the effects of changes in 
tax policy, product demands, 


technology, productivity etc. on — 


incomes, outputs, tax revenue 
and foreign trade. 


SYSTEM REQUIREMENTS: IBM-PC or compatible, 256K RAM, 2 drives, DOS 2.1 or better. 


GEMODEL 2.0 


Solves open or closed, two or 
three-industry small open econo- 
my models employing two or 
three factors. Industries can 
have constant or diminishing 
returns to scale. Admits one to 
nineteen household groups with 
or without income/leisure 
choice. Solves with a wide array 
of factor, commodity and income 


taxes. 


PRICE: US$ 395.00 


DA 


GEMODEL.USA 
is for policy analysis 
and research in 
government, university 
and industry. 


A special purpose of 
_ the model is 
to simulate 

value-added taxes 
and the separate tax 
policies of two 
levels of government: 
Federal 

State/Local 


Ideal to enrich 
courses in Price 
Theory, Trade and 
Finance by solving 
models 


within seconds 
at 48 different 
levels of complexity 
with 
18 to 176 equations. 








GEMODEL. USA has a nen 
menal number-crunching capa- 
bility. It accepts the 85- industry, 
U.S. input- output tables prior to 
aggregation of industries, con- 
sumption categories, and house- 
holds. The level of detail carried 


by the model is larger than that- 


commonly found in the general 
equilibrium literature. - 


The package i is easy to run and 
is perhaps the only software that 
produces simulation results on 
your.own desk within seconds. 
It is available in two versions: 
Professional and Academic. 


PRICE: 


~ Academic Version US$ 2,200 


GESTATS 


Calibrates GEMODEL 2.0 para- 
meters to data and elasticity 
assumptions. Checks data con- 
sistency. 

PRICE: US$ 195.00 


GEREPORT 


Compares GEMODEL 2.0 simu- 


lation results with the base case 
or with other simulation results. 
Computes measures of welfare 
change and marginal costs of 
taxes 


" PRICE: US$ 95.00 
GEDATA 


18 data files for exercises in 
price theory, trade and finance 
using GEMODEL 2.0 

PRICE: US$ 25.00 


For information and to order, write to: 
DIA Agency Inc., 1879 Kingsdale Ave., Ottawa, Ontario, KIT 1H9 CANADA 


DEMONSTRATOR diskettes available at $25. 
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Solid Principles Texts 
- The 1989 Economic Outlook 


from South-Western 





PRINCIPLES OF ECONOMICS, 4th Edition 
Ryan C. Amacher and Holley H. Ulbrich | 
Clemson University . 
This texts pragmatic approach and balanced presentation of 
principles teaches students the “economic way of thinking” in 
everyday life. Significant revisions to this edition. include: 
incorporation. of international perspectives throughout the text, and 
new appendices on farm and urban problems and on indifference 
analysis. The new package also includes a completely new Study 
Guide, an Instructors Manual, and a video covering several topics 
in economics. The text is available in comprehensive format or in 
separate volumes: Principles of Microeconomics and 


Principles of Macroeconomics. 


ECONOMICS: The Science of oe Pane, 
6th Edition | 
Elbert V. Bowden, Chair of Banking, 
Appalachian State University 
The straightforward language and logical organization of this 
text help students grasp concepts more quickly. New additions to 
this popular text include: two new chapters on-the evolution of 
macrotheory; a chapter on the Keynesian/Monetarist debate, 


` presented from a fresh perspective; updated information on the 


conditions, events, and problems of the late 1980s, including the 

stock market crash and deficits. The text is available i in both 

comprehensive and abridged editions. 
Ear T A 

For more information about the texts that shape South-Westerns 

1989-Economic Outlook, contact your area representative or write: 


SOUTHWESTERN 


COLLEGE DIVISION 


5101 Madison Road 
Cincinnati, OH 45227 
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American Economic Association/ Federal Reserve System 
Minority Graduate Fellowships 
| in Economics 


The American Economic Association and the Federal Reserve System 
are pleased to announce their joint sponsorship of graduate fellowships to 
minority Ph.D. students who have completed their comprehensive examina- 
tions and, if applicable, their field examinations, and are about to begin their 
dissertation research. Awards will be based on academic performance. 


Applicants must be U.S. citizens who are Black, Hispanic or Native 
American and are enrolled in an accredited graduate program in Economics 
in the United States. Preference will be given to applicants whose area of 
concentration is of special interest to the Federal Reserve System (e.g., finan- 
cial markets and monetary policy, nonfinancial macroeconomics, forecast- 
ing, banking markets and financial structure, regional studies, the external 
sector of the U.S. economy, the economies of other countries, foreign ex- 
change markets, and international banking and financial markets). 


A stipend of $700 per month for the academic year and tuition relief by 
the institution nominating the student and verifying successful participation 
in its graduate program in Economics are provided. Recipients will be as- 
signed an adviser from the Federal Reserve System and be given the oppor- 
tunity to work for one summer at the Board or a Federal Reserve Bank. 


Applications are due March 1, 1989 
Awards will be announced early in April 1989 


For further information and application materials write: 


Barbara Sears, Registrar 

AEA/FRS Minority Fellowship Program 
Department of Economics 
‘College of Business and Public Administration 
University of Arizona 

Tucson, AZ 85721 

(602) 887-5887 
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IKLASSIKER 
DER 


NATIONAL- 
OKONOMIE 


Die Handelsblatt-Bibliothek. 
»A scientific and literary event of secular rank« 






Horst Claus Recktenwald 

* The »Klassiker der Nationaléko- * Outstanding experts answer the 
nomie« - facsimile-edition fascinating question what is still © 
opens access to a treasure of classic in our epoch by critically 
economic science and culture. l analysing rare masterpieces 

' down the ages. 

ad Stimulating praefatio (with 
archival witnesses) and facsimi-" * »Klassiker der National- 
les of first editions are a true Okonomie« is an unique oppor- 
and sure vademecum for daily tunity to build up a valuable 
users as for bibliophiles. - - private library sui generis. - 


»The »Klassiker der National6konomie« undertaking to publish reproduc- 
tions of.a wide selection of economic classics in their first editions is un- 
precedented. It is equally remarkable that the reproductions are presented in 
handsome, durable form, and accompanied by authoritative essays by 
contemporary economists.« l 


George J. Stigler 


» With renewed interest in the history of economic thought, the publication of 
»Klassiker der Nationalékonomie« seems to be particularly timely. The luxu- 
rious facsimile edition will delight not only professional economists but also 
bibliophiles attracted by the exemplary printing and binding.« 


Wassily Leontief 


y For further informations please write to: 
Aa) Verlag Wirtschaft und Finanzen 
i a PO, Box 1102, D-4000 Düsseldorf 1, FRG. 
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NDER OF 
FGONOMIG ARTICLES 


prepared by 


The Journal of Economic Literature 
af the 
American Economic Association 


Y Each volume in the Index lists articles in major economic 
journals and in collective volumes published during ‘a 
specific year. . 

No other single reference source covers as many articles 
classified in economic categories as the Index. 


Index volumes XI-XXII covering 1969-1980 are 
available at $60.00 each. 


The following two part Index volumes are now ready 
for delivery at $90.00 per set: 


an 


Volume Year a 
| indispensable 


XXIII 1981 

XXIV 1982 tool for... 

XXV 1983 ECONOMISTS 

XXVI 1984 REFERENCE LIBRARIANS 
RESEARCHERS 


, TEACHERS 
Note: 30% discount for AEA members STUDENTS 


(individuals only); 15% discount for AUTHORS 
libraries and subscribers. 


Payment required in advance. Prices include shipping 
charges; allow 4-6 weeks for delivery. Please send 
your check or money order (net of applicable dis- 
count) payable in United States dollars drawn on a 
United States bank to: 


American Economic Assn. - Index 
PO. Box 20111 
Nashville, TN 37202 


Address inquiries or other correspondence to: 
l Journal of Economic Literature, PO. Box 7320 
Oakland Station, Pittsburgh, PA 15213. 
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< Begin making plans to attend the 


Annual Meeting of 
The American 
Economic Association 


(in Conjunction with Allied Social Science Associations) 
to be held in 


NEW YORK, NY 


Dec. 27-30, 1988 


The Employment Center opens Tuesday, December 27; sessions begin Wednesday, 
December 28. . 


See the September AER for the American Economic Association's preliminary program. 


S The 1989 meeting will be held in Atlanta, GA, December 27-30. 
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Jos Openincs FoR Economists 


Available only to AEA members and institutions that agree to list their openings. 


Annual Subscription Rates 


U.S.A., Canada, and Mexico (first class): | $15.00, regular AEA members and institutions 
| $ 7.50, junior members of AEA’ 

All other countries (air mail): $22.50, regular AEA members and institutions 
$15.00, junior members of AEA 


Please begin my issues with: . 
February C] April C) June C August C October C] December 


Name 


First Middic Last 
Address TE 

City State/Country Zip/Postal Code 
Check one: i 


C] 1 am a member of the American Economic Association. 

C] 1 would tike to become a member. My application and payment are enclosed. 
CJ (For institutions) We agree to list our vacancies in JOE. 

Send payment (U.S. currency only) to: 


THE AMERICAN ECONOMIC ASSOCIATION 
1313 21st Avenue South 
Nashville, Tennessee 37212 


Please mention THE AMERICAN Economic Review When Writing to Advertisers 
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| Economists Against the Arms Race 
A new organization dedicated to preventing war 
and fostering global cooperation: 
Board of ‘Trustees 
Kenneth J. Arrow, co-chair Lawrence R. Klein, co-chair 
Wassily Leontief, Franco Modigliani, Robert M. Solow, James Tobin 


“Warfare affects human welfare to such an extent that economists 
must raise their voices against. it.” — Jan Tinbergen | 


| Planned Activities: 
° Organization of discussions and conferences 
e Lectures and public debates l 
e Formation of member chapters at colleges and universities 


Writing, publication and dissemination of research results 


Books and articles to inform decision- makers. and the public 


GOING PUBLIC 
Economists Against the Arms Race. 
Friday, December 30 at 8:00 AM Continental Breakfast 


the Green Room New York Hilton Hotel. 


‘You are cordially invited by the uses 
and Robert Eisner, Joseph Peckman, John Kenneth Galbraith, 
Dietrich Fischer and Robert Schwartz 
to join them in launching ECAAR. ~ 





See our table at the AEA Convention! 


For more information and membership application, please write to 
ECAAR, 30 West 95th St, New York, NY 100235, 
attn: Margaret Hartnett. 
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Journal of International 
Economic Integration 


Solicits Papers to Compete for the 


i 
1 
i 


Annual. Daeyang Prize in Economics ($7,000) 
and Welcomes Subscriptions by Interested Parties 


` Current issues inciude 


Bela Balassa, Japanese Trade Policies 
Towards Developing Countries. 


Basant K. Kapur, Open-Economy 


Response to a Terms of Trade Shock in 
a Growth Context. 


Norman C. Miller, A Gerneral Approach 


to the Balance of Payments and Exchange — 
. Rates. l 


Leonard F.S. Wang, Product Market 


"Imperfections and Customs Unions theory. 
.. Gene M. Grossman, The Employment and 


Wage Effects of Import Competition in 


athe United States. 


* Wiitred J. Ethier and Ronald D. Fischer, 
- The New Protectionism 


„Joshua Aizenman, inflation, Tariffs and 


Tax Enforcement Costs 
Chung’ H. Lee and Seiji’ Naya, The 


' internationalization of U.S. Service _ 
industries and lts implications. for _ 


Developing Countries. 


F . M e 4 ` 
The Journai of internationali Economic integration is published biannuaily (Spring 
and Autumn) by the Institute for International Economics; : King Sejong University,” 


Seoul, Korea. 

The purpose of the Journal is to Support and encourage research in the area 
of international trade, interriational finance and other related economic issues 
that include general professional interest in international -economic affairs. 
Welcoming both theoretical and empirical analyses in international economics, 
the Journal is strongly interested in the- issues-of tnesinternational economic 
cooperation. 


« The Journa! welcomes unsolicited manuscripts, w which will be considered for 
pubiication by the Editorial Board. 
e From papers selected for publication, the Prize committee will choose the best 


manuscript(s) to receive the $7,000 Daeyang Prize. The winner of the prize ee 


is announced in the Spring issue every year. i 


` e The manuscripts should be accompanied by an abstract of no more than 100 > 2 | 


words and a brief curriculum vitae containing the author’s academic career. 


_ All submissions should be typewritten, double-spaced, in English with footnotes, : z 


"references, figures, tables and any other illustrative material on separate sheets. ` bey 
.© Three. copies of the manuscript and all accompanying material should be © ` 
submitted to the following address by October 31, 1988 for consideration for- -` 


1989 publication. 
e For subscriptions to the Journal ($20 per year for dividuals, $30 per year 


for institutions), send a check or money order payable lo King Sejong University. 


to the following address. 


Institute for International Economics 
King Sejong University | 


Seongdong-Ku, Seoul, Korea 
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Industrial Revival Through Technology. 


New technologies are permeating industry at an increasing speed, altering 
production techniques and giving rise to new products. This report examines 
the extent to which these technologies can contribute to revitalizing manufac- 
turing activities that have exhibited only moderate expansion or contraction. 
Seven industries have been chosen to illustrate the role of new technologies 
for industrial revival: printing and publishing, glass, textile, clothing, food 
processing, watch, and paper industries. 


70-88-02-1, September 1988, 228 pages, ISBN 92-64-13103-5, $22. 00 


The Newly Industrialising Countries: Challenge and Opportunity _ 
for OECD Industries. 


The Newly Industrializing Countries have become important producers and 
exporters of manufactured goods, moving up from traditional to increasingly . 
sophisticated products. By 1983, the OECD area’s long standing trade sur- 
plus in manufactures with the six NICs considered here—South Korea, 
Taiwan, Singapore, Hong Kong, Mexico, and Brazil—had turned into a deficit 
which rapidly attained nearly 18 billion dollars. This report documents the 
evolution of this trade over the past two decades, focusing on the industrial 
policy and adjustment issues which it raises. It examines the “double dyna- 
mic’’ of indigenous impetus to industrialization associated with foreign in- 
vestment and technology transfer. It also surveys the challenges and oppor- 
tunities for OECD economies as they seek to strengthen their own competi- 
tiveness while intensifying industrial and technological cooperation with the 
NICs. 


70-88-01-1, July 1988, 151 pages, ISBN 92-64-13041-1, $20.00 


Tax Consequences of Foreign Exchange Gains and Losses. 


Issues in International Taxation Series No. 3. Discusses the implications of 
fluctuations in foreign exchange rates on the taxation of the-ordinary income 
and capital gains of enterprises and reviews country practices. 


23-88-06-1, September 1988, 71 pages, ISBN 92-64-13124-8, $22.00 


Agricultural Policies, Markets and Trade: 
Monitoring and Outlook 1988. 


The first annual monitoring and outlook report on agricultural policies, 
markets, and trade in OECD Member countries. It analyzes recent develop- 
ments (up until early 1988) in the light of the principles for agricultural policy 
reform outlined by the 1987 Ministerial Council. It also provides data on the 
levels at which governments have subsidized agriculture for the years 1979- 
1986, data on production, consumption, and trade of various commodities, 
and information on the impact of developing countries, Eastern Europe, the 
USSR, and China on the world agricultural market. 


51-88-03-1, September 1988, 228 pages, ISBN 92-64-13126-4, $22.00 


To order, send your check or money order to: 


OECD Publications and Information Cente = am, 
2001 L Street, NW, Washington, DC 20036-4685, 42 a 4 a. 
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GAUSS THE = 


A - 2 : - - 
Pa Bs 7+ 
. ‘ ? 
ra a A =; . a? 
` . t, 
Ers .* k . ‘ : 4 + 
4 - i ’ - & < Hi 5 
y E ' “ 1 - 
- . 
5 t 





-Now you can run most routines at or near the capacity of your oo S { ' 
Bi Bell Labs to. CalTech, research — ` | routines and apada cued mthe © 
scientists and enginéers have found GAUSS - updated 2.0 manual. Al! this for the total price > 
can help them ‘solve problems with their PCs of just $395. So don't waste another minute 
. that would take them _ Tunning at half speed, 
-hours longer wth con- .| 90 x 90 Double Precision Matrix Multiply |- ‘order GAUSS-2.0 
ventional languages. eee | ` today. 
-And not only does ~’ . Were so sure. 
GAUSS run fast, it’s GAUSS will make | 
easier to program yout more productive, 
because its language is giving: you more an- 
closer to mathematical swers to. more qués- 


tions more quickly, 
that we guarantee. it. 
Ifyou are not .* 


syntax. GAUSS allows 
you to easily enter 
your own ideas even if 


s$ 





. including over 250 and flexibility of 
mathematical routines. You can even call your | GAUSS simply return ‘it for a full refund. No 
‘favorite Fortran, C or assembler subroutines. questions asked. Call (206) 631-6679 to order. 


. Now GAUSS 2.0, the second generation of : GAUSS - faster, easier, smarter... guaranteed. 
thé new breed of matrix handling programming E ' 
languages i is aväilable, with indexed, easier-to- ; : 


usé: documentation, on-line debugger and 
' Smart? ‘onlline help that can even handle your - 
own functions.. And GAUSS 2.0 is faster, up to.. 
20% on some calculations, compared to our 
previous versions. 

The GAUSS system includes publication 
quality. graphics and a library of mathematical 


GAUSS 20 


FOR IBM PC-XT-AT-PS/2 & COMPATIBLES 
WITH MATH COPROCESSOR 


BY ARTECH SYSTEMS, INC. 
26250 - 196th Place SE 
. Kent Washington 98042 
Phone (206) 631-6679 
-FAX (206) 630-1220 
CALL OR VRNE FOR FREE BROCHURE 








IBM IS A REGISTERED TRADEMARK OF OF INTERNATIONAL BUSINESS MACHINES 
ALL TESTS RUN ON AH IBM PS2 MODEL BO 16 MHz 
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